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The  rapid  spread  of  scientific  knowledge,  and  the  eon« 
tinually  widening  field  of  its  application  to  the  nsefid 
arts,  have  created  an  increased  demand  for  new  and 
improved  text-books  on  the  various  branches  of  Nato- 

BAL     PhILOSOPHT. 

Of  the  elementary  works  that  have  appeared  within 
a  few  years,  those  of  M. 'Ganot  stand  preeminent,  not 
only  as  popular  treatises,  but  as  thoroughly  scientific 
expositions  of  the  principles  of  Pmrsics.  His  "Trait6 
de  Physique"  has  not  only  met  with  unprecedented 
success  in  France,  but  lias  been  extensively  used  in 
the  preparation  of  the  best  works  on  Physics  that  have 
been  issued  from  the  American  press. 

In  addition  to  the  "Traite  de  Physique,"  which  is 
intended  for  the  use  of  Colleges  and  higher  institutions 
of  learning,  3L  Ganot  has  recently  published  a  more 
elementary  work,   adapted    to    the    use    of  schools    and 

m 

academies,  in  which  he  has  faithfully  preserved  the 
prominent  features  and  aU  the  scientific  accuracy  of  the 
larger    work.      It    is    characterized    by  a   well-balanced 


Vl  PREPACK. 

distribution  of  subjects,  a  logical  development  of  scien- 
tific principles,  and  a  remarkable  clearness  of  definition 
and  explanation.  In  addition,  it  is  profusely  illustrated 
with  beautifully  executed  engravings,  admirably  calcu- 
lated to  convey  to  the  mind  of  the  student  a  clear 
conception  of  the  principles  unfolded.  Their  complete- 
ness and  accuracy  are  such  as  to  enable  the  teacher 
to  dispense  with  much  of  the  apparatus  usually  em- 
ployed in  teaching  the  elements  of  Physical  Science. 

In  preparing  an  American  edition  of  this  work  on 
Popular  Physics,  it  has  not  been  the  aim  of  the 
editor  to  produce  a  strict  translation.  No  effort,  how- 
ever, has  been  spared  to  preserve  throughout,  the  spirit 
and  method  of  the  origuial  work.  No  changes  have 
been  made,  except  such  as  have,  seemed  calculated  to 
harmonize  it  with  the  system  of  instruction  pursued  in 
the  schools  of  our  country. 

By  a  special  arrangement  with  M.  Ganot,  the  Amer- 
ican publishers  are  enabled  to  present  fac- simile  copies 
of  all  the  original  engravings. 

Niw  York,  June  1«<,  1860. 


Note. 
At  the  request  of  many  teachers,  a  chapter  has  been  pre- 
pared on  the  Application  of  Physical  Principles  to  Machines. 

Kiw  YoBK,  JuM,  1861. 
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INTRODUCTION. 

CLASSIFIGATION    OF    THB    SCIENCES. 

Science  is  a  knowledge  of  the  laws  that  govern  the 
TJniverse. 

A  Law  is  a  necessary  relation  between  cause  and  effect. 
It  is  assumed  as  the  foundation  of  all  Science,  that  like  causes 
produce  like  effects.  This  principle  is  an  inductive  truth^ 
founded  upon  univei*sal  experience. 

By  the  UA^ivebsb  we  mean  all  that  has  been  created, 
whether  material'  or  immaterial.  The  Universe  may  be 
regarded  as  made  up  of  mind  and  matter.  Mind  is  that 
which  thinks  and  wills  \  Mattbr  is  that  of  which  we  become 
cognizant  through  the  medium  of  the  senses.  Science  ad- 
mits of  two  corresponding  divisions,  Science  of  Mind^  or 
Metaphysics,  and  Science  of  Matter^  or  Natural  Phi- 
losophy. 

Natubal  Philosophy  is  that  branch  of  science  which 

treats  of  the  laws  that  govern  the  material  Universe. 

/    Matter  exists  in  two  states,  organized  and  unorganized^ 

\  it  is  organized  when  its  particles  are  aggregated  into  organs 

adapted  to  the  support  of  life ;  in  all  other  cases  it  is  un- 

What  is  Science?  WhiitisaLaw?  Define  the  TJnlyene.  Mind.  Matter.  What 
are  the  two  div^lons  of  Science  ?  What  is  Natural  Philosophy  ?  In  what  two  ttatet 
may  Matter  exist?  (|lUi8trateD 
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organized.  /  Natural  Philosophy  admits  of  two  correspond- 
ing divisions :  Science  of  Organized  Matter^  or  Physiology, 
and  Science  of  Unorganized  Matter,  or  General  Physics.  ^ 

Physiology,  which  treats  of  the  laws  of  matter  as  modi- 
fied by  the  principle  of  vitality,  is  divided  into  two  principal 
branches :  Animal  Physiology,  or  Zoology,  and  Vegetable 
Physiology,  or  Botany.  Both  of  these  branches,  with  their 
various  subdivisions,  belong  to  the  domain  of  Natural 
History. 

/  All  unorganized  matter  ^may  be  divdded  into  two  classes, 
Celestial  and  TerrestrialJ  General  Physics  admits  .of  two 
corresponding  divisions.  That  branch  which  treats  of  ce- 
lestial bodies,  ipcluding  the  earth  as  a  whole,  is  called  As- 
tronomy ;  that  which  treats  of  terrestrial  bodies,  is  called 
Terrestrial  Physics, 

Terrestrial  Physics  is  again  subdivided  into  two 
branches.  The  first  is  called  Physics  Proper,  or  simply 
Physics  ;  it  treats  of  the  general  properties  of  bodies.  The 
second  is  called  Chemistry  ;  it  treats  of  the  nature  of  the 
ultimate  particles  of  bodies  and  of  their  laws  of  combination. 
The  first  of  these  branches,  or  Physics,  is  the  subject  treated 
of  in  the  following  pages. 

Besides  the  branches  above  enumerated,  and  which  may 
be  called  Pure  Sciences,  there  are  others  that  depend  upon, 
or  are  applications  of,  two  or  more  of  them.  Such,  for  ex- 
ample, are  the  sciences  of  Geology,  Mineralogy,  Physical 
Geography,  &c.    These  are  called  Mixed  Sciences. 

Into  what  may  Natural  Philosophy  be  divided  ?  What  is  Physiology,  and  what  are 
Its  branches?  How  may  Unorganized  Matter  be  divided?  What  are  the  cor- 
responding divisions  of  General  Physics?  Define  them.  How  is  Terrestrial  Phy- 
sics divided?  What  is  Physics  Proper?  Chemistry?  What  are  the  Pure  Sciences, 
and  what  are  some  of  the  Mixed  Sciences  ? 


i 
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CHAPTER   I. 

PBELDONABT  FBINCIPLES  AUD  2IKCHANI08   OF  SOLIDS. 

I 

I. — DmNITIONS    AND    GENERAL    PROPERTIES    OF    MATTER. 

Definition  of  Physics—FfayBioal  Agents. 

1.  Physics  is  that  branch  of  Natural  Philosophy  which 
treats  of  the  general  properties  of  bodies,  and  of  the  causes 
that  modify  these  properties. 

The  principal  causes  that  modify  the  properties  of 
bodies  are:  Gravitation^  JETeat^  Lights  Magnetism^  and 
JElectricity.    These  causes  are  called  Physical  Agents. 

Definition  of  a  Body. 

9,  A  Body  is  a  collection  of  material  particles ;  as  a 
stone,  or  a  block  of  wood.  A  body  which  is  exceedingly 
small  is  called  a  Material  Point. 

Bodies  are  made  up  of  small  particles,  called  Molecules^ 
and  these  again  are  composed  of  still  smaller  elements,  called 
Atoms.  These  atoms  are  inconceivably  small,  and  are  held 
in  their  places  by  the  action  of  two  opposing  systems  of 
forces,  called  Molecular  Forces.  Those  which  tend  to  draw 
atoms  together  are  called  Attractive  Forces^  and  those 
which  tend  to  push  them  asunder  are  called  RepeUent 
Forces.  Heat  is  the  principal  if  not  the  only  repellent 
force  in  Nature. 


(1»)  WhatUiFbyslce?  What  are  Physical  Agents?  Namethenu  (3,)  Befina 
•  Body.  A  Material  Point  An  Atom.  A  Molecule.  What  are  Molecnlar  Forces? 
Deflae  Atferactiva  and  Bepellent  Forces. 
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X  BSass.and  Density. 

8.    The  Mass  of  a  body  is  the  quantity  of  matter  which 

it  contains. 

It      « - 
Different  bodies,  having  the  same  Yolnrne,  contain  very  different 

quantities  of  matter ;  for  example,  a  cubic  inch  of  lead  contains 

nearly  eleven  times  as  much  matter  as  a  eubic  inch  of  water.     The 

masses  of  bodies  are  proportional  to  their  weights. 

The  Density  of  a  body  is  the  degree  of  closeness  of 
its  particles. 

Those  bodies  in  which  the  particles  are  close  together  are 
said  to  be  dense  ;  thus,  platinum  and  mercury  are  dense 
bodies.  Those  in  which  the  particles  are  not  close  together 
are  said  to  be  rare  ;  thus,  steam  and  air  are  rare  bodies. 
Tlie  densities  of  bodies  having  the  same  bulk  are  propor- 
tional to  their  weights. 

» 

Classification  of  Bodies. 

4.  Bodies  may  exist  in  two  different  states,  the  solid 
and  tlie  fluid. 

Solids  are  those  which  tend  to  retain  a  permanent  form ; 
as  stones,  metals,  and  the  like.  The  particles  of  such  bodies 
adhere  to  eacli  other  with  considerable  energy,  and  this  ad- 
hesion can  be  overcome  only  by  the  exertion  of  some  effort. 

Fluids  are  those  whose  particles  move  freely  amongst 
each  otlier ;  as  water,  alcohol,  and  air.  Such  bodies  have 
no  tendency  to  retain  a  permanent  fbnn,  but  assume  at 
once  the  form  of  the  containing  vessel. 

Fluids  are  divided  into  Liquids  and  Gases  or  Vapors. 
Liquids  are  sensibly  incompressible ;  as  water,  wine,  and 
milk.  Gases  and  vapors  are  highly  compressible;  as  at- 
mospheric air  and  steam. 

(  8*)  What  is  the  mass  of  a  body?  Density?  Give  examples  of  dense  and  rare 
bodies.  (4.)  How  are  bodies  divided?  -Define  solids  and  fluids.  How  are  fluidii 
'i»M«4f    Define  liquids,  and  gases  or  n^rs. 
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la  solids,  the  moleoular  forces  of  attraction  are  greater 
than  the  repellent  forces,  hence  the  difficulty  of  9eparating 
their  molecules;  in  liquids,  the  attractive  and  repellent 
forces  are  sensibly  balanced;  in  gases,  the  repellent  are 
more  powerful  than  the  attractive  forces. 

Many  bodies  may  exist  in  each  of  the  three  states  in  succession* 
Thus,  if  ice  be  heated  until  the  repellent  forces  balance  those  of  at- 
traction, it  passes  into  the  liquid  state  and  becomes  water ;  if  still 
more  heat  be  applied,  the  repellent  forces  prevail  over  those  of  at- 
traction, and  it  passes  into  the  state  of  vapor  and  becomes  steam. 

Gkusral  Pyopwtles  of  Bodies. 

5,  All  bodies  possess  certain  properties,  the  most  im- 
portant  of  which  are :  Magnitude^  Form^  JtnpenetrabUitt/, 
Inertia^  Porosity^  DiviaibUity^  Compressibilityy  DUata- 
bUityy  and  Elaetiqity,  [ 

Magnitude  and  Form. 

6,  The  Magnitude  of  a  body  is  its  bulk,  or  the  por- 
tion of  space  that  it  fills.  It  is  evident  that  a  body  can  not 
exist  without  possessing  the  three  attributes  of  l^igth, 
breadth,  and  thickness. 

The  Form  of  a  body  is  its  external  shape.  Bodies  may 
have  the  same  magnitude  and  be  very  different  in  shape ; 
they  may  likewise  be  of  the  same  form  and  yet  be  of  vely 
different  magnitudes. 

Impenetrability. 

7,  Impenetrabiltty  is  that  property  by  virtue  of  which 
no  two  bodies  can  occupy  the  same  place  at  the  same  time. 
This  property  is  self-evident,  although  phenomena  are  ob- 
served which  would  seem  to  conflict  with  it.  Thus,  when 
a  pint  of  alcohol  is  mixed  with  a  pint  of  water,  the  volume 
of  the  resulting  mixture  is  less  tlian  a  quart.    This  diminu- 

Illnstrate.    ( 5  .>  Wbftt  properties  belong  to  nil  bodies  ?    (  0*)  What  is  Mognitade  ? 
Form?    (  7.)  Wliat is  Impenetrability  ?    Illustrate. 
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tion  of  volume  arises  from  the  particles  of  one  of  the  fluids 
insinuating  themselves  between  those  of  the  other ;  but  it 
is  clear  that  where  a  particle  of  alcohol  is,  there  a  particle 
of  water  can  not  be.  In  like  manner  when  a  nail  is  driven 
into  a  board,  the  particles  of  the  latter  are  thrust  aside  and 
compressed  to  make  room  for  those  of  the  former. 

Inertia* 

8,  Ineetia  is  the  tendency  which  a  body  has  to  main- 
tain its  state  of  rest  or  motion.  If  a  body  is  at  rest  it  has 
no  power  to  set  itself  in  motion,  or  if  it  is  in  motion  it  has 
no*§p9ver  to  change  either  its  rate  of  motion  or  the  direc- 
tion in  which  it  is  moving.  Hence,  if  a  body  is  at  rest,  it 
will  remain  at  rest,  or  if  in  motion,  it  vnYL  move  on  uni- 
formly in  a  straight  line  until  acted  upon  by  some  force. 

The  reason  why  we  do  not  see  bodies  continue  to  move  on  uni- 
formly in  straight  lines,  when  set  in  motion,  is  that  they  are  con- 
tinually acted  upon  by  forces  which  change  their  state  of  motion^ 
Thus,  a  ball  thrown  from  the  hand,  besides  meeting  with  the  resist- 
ance of  the  air,  is  continually  drawTi  downwards  by  the  attraction  of 
the  earth,  till  at  last  it  is  brought  to  rest. 

Many  familiar  phenomena  are  explained  by  the  principle  of  in- 
ertia. For  example,  when  a  vehicle  rn  motion  is  suddenly  arrested, 
loose  articles  in  it  are  thrown  to  the  front,  because  they  tend  to  keep 
the  motion  which  they  had  acquired.  When  a  man  in  running 
strikes  his  foot  against  an  obstacle,  the  inertia  of  the  upper  part  of 
his  body  carries  it  forward,  and  he  falls  to  the  ground.  For  the 
same  reason,  when  a  man  jumps  from  a  car  in  motion,  he  will  be  in 
danger  of  falling  in  the  direction  of  the  moving  car.  It  is  inertia 
which  renders  accidents  upon  railroads  so  terrible.  When  from  any 
cause  the  locomotive  is  suddenly  arrested,  the  inertia  of  the  entire 
train  acts  to  pile  the  cars  together  in  one  general  wreck.  It  is  the 
inertia  of  the  hammer  that  enables  it  to  overconie  the  resistance 


Give  examples  of  apparent  p'^netrabUity.  (S«^  What  li  Inertia?  niastrate.  TFTly 
do  iMnoi  9*6  bodi&8  o<H^rm  to  the  law  qf  inertia  f  Oi»€  ttfompleB  ttf  the  prin^ 
tipU  qfi^MrUa. 
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wbieh  tha  wood  oSbrg  to  the  entering  nail ;  tad  in  driving  pile*,  tlu 
principal  effeot  it  doe  to  the  inertia  of  ttie  deicending  ram. 

Porosity. 

,  ft,  PoROSiTT  is  the  degree  of  separation  between  the  mol^ 
cules  of  a  bod y.  Tbe  inter- 
vals between  the  mole- 
cules are  called  pores. 
When  these  intervals  are 
very  great,  the  body  is 
said  to  be  porous,  as  in 
steam,  air,  and  g^es. 
When  the  intervals  are 
vej-y  small,  the  body  is 
said  to  be  dense,  as  in 
gold,  platinum,  and  mer- 
cury. Pores  must  not  be 
confounded  with  cells,  as 
in  sponge,  light  bread,  and 
the  like. 

All  bodies  are  more  or 
less  porous. 

The  following  experiment 
shows  the  poroeity  of  leather. 
A  long  gla^B  tube  (Fig.  I)  ia 
BurmouDted  by  a  brass  cup, 
with  a  thick  leather  bottom, 
fitting  the  tube  air-tight.  Tbe 
lower  end  of  the  lube  termin- 
ates in  a  brass  cap,  whieb-  is 
attached  to  a  machine  for  ex- 
hausting tbe  air  from  the  tube, 
called  an  air-pump. 

If  a  ipianlitf  of  mercury  is 
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poared  iDta  the  upper  cup,  and  the  sir  eihauEted  frDm  the  tube,  the 
mercurf,  being  pressed  down  by  tba  exUrual  air,  is  seen  fftlliug 
through  the  leather  io  small  drops  tike  rain. 

Gold  was  shown  to  he  porous  hy  Boma  Florentine  philoHOphers  in 
the  following  manner.  A  hollow  sphere  of  gold  was  filled  with 
water  and  tightly  closed,  after  which  it  was  subjected  to  great  pres- 
s  from  the  globe  and  form  o 


snrfaoe  like  dew.    The  experimeut  has  i 
other  metals,  and  with  like  reEUlts. 

Gases  are  shown  to  be  porous  by  their  ei 
when  compressed ;  if  a  gas  be  introduced  iiii 
its  expansive  force  and  completely  fill  the  v( 
introduced  into  the  same  vessel,  it  likewise 
vessel  as  though  the  first  gas  did  not  exist.     This  proves  that  the 
-molecules  of  the  teoond  gas  arrange  thenuelves  in  the  pores  of  the 


i  been  repeated  wit.'i 

reduction  in  volume 

ar,  it  will  spread  by 

;  if  a  second  gas  be  ■ 

expands  and  fills   the 


Thu  property  of  porosity  finds  an  important  application  in 
the  process  of  filtering,  that  is,  in  separating  foreign  particles 
from  liquids. 

SxpialH  tlitflonnUni  oiptHmtnl.    What  ue  Olttnl 
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Fig.  2  represents  a  filter  for  purifyiiig  water ;  it  is  »imp] j  a  box 
diTided  into  two  parts  by  a  partition  of  porous  stone,  A.  The  waier 
to  be  filtered  is  placed  in  the  upper  part,  frooi  which  it  pstirt  slomiy 
into  the  lower  part  through  the  pores  of  the  stone.  In  one  comer  mi 
the  box  is  a  tube,  a,  which  permits  the  air  to  cse^>e  as  the  lower 
part  of  the  box  fills  with  water.  The  purified  water  is  drawn  off  bj 
means  of  a  faucet  near  the  bottom  of  the  box. 

Fig.  3  represents  a  filter  u^ed  by  chemists.  It  consists  of  a  pocket 
of  some  porous  material,  as  felt,  for  example,  sospended  by  cords. 
The  substance  to  be  filtered  is  poured  into  the  pocket,  from  whick 
the  liquid  escapes  slowly  through  the  pores,  learing  the  solid  pans 
behind. 

Filters  are  also  formed  by  lajrers  of  powdered  dbareoal,  or  inely 
ground  quartz,  through  the  pores  of  which  the  liquids  pass.  It  is  !• 
a  natural  filtration  through  sand  that  many  kinds  of  spring  waier 
owe  their  purity. 

It  is  in  consequence  of -porosity,  that  burning  coals  corered  up  witk 
ashes  continue  to  bum  slowly.      The  air  which  is  necessary  to 
bustion  penetrates  through  the  pores  of  the  ashes,  in  sufBcienl 
tiry  to  keep  the  fire  from  being  entirely  extinguisbcd. 

Finally,  it  is  in  consequence  of  their  porosity,  that  many  kinds  of 
wood  absorb  moisture  from  the  air.  and  tend  to  swell  and  crack  :  this 
difficulty  is  remedied  by  applying  oils  and  Tarnishes,  wkick  dam  tha 
pores  and  exclude  the  moisture. 


lO.  Divisibility  is  that  property  bTTirtoe  oCwfaicb  a 
body  may  be  divided  into  parts.  All  bodies  are  capable  of 
subdivision,  and  in  many  cases  the  parts  that  may  be  ob- 
tained are  of  almost  inconceivable  minnteneas. 

The  following  examples  senre  to  show  the  eztreae  amaDnenof 
the  molecules  of  matter.  A  single  grain  of  carmine  imparts  a 
sible  color  to  a  gallon  of  water ;  this  gallon  of  water  may  be 
rated  into  a  million  of  drops,  and  if  we  suppose  each  drop  to  contain 
ten  particles  of  carmine,  which  is  a  low  estmiate.  we  shall  havv 


JSbr>pla4n  fhs  ^aaUr  JOier.    Mtplaim  As  thtmitTn  >V«r. 
poro9tty,    (10.)  WktftoDlTUbfiiljt    GivtmKiamtpim^^M^aMtfVf 
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divided  the  grain  of  cannine  into  ten  million  of  molecules,  each  of 
which  is  visible  to  the  naked  eye. 

The  microscope  reveals  to  us,  in  certain  vegetable  infusions,  anU 
malcula  so  small  that  several  hilndred  of  them  can  swim  in  a  drop, 
of  water  that  adheres  to  the  point  of  a  needle.  These  little  animals 
are  capable  of  motion,  and  even  of  preying  upon  each  other ;  they  there- 
fore possess  organs  of  motion^  digestion,  and  the  like.  How  minute, 
then,  must  be  the  molecules  which  go  to  make  up  these  organs. 

A  grain  of  musk  is  capable  of  diffusing  its  odor  through  an  apart- 
ment for  years,  with  scarcely  an  appreciable  diminution  of  its  weight. 
This  shows  that  the  molecules  of  musk  continually  given  off  to  re- 
plenish the  odor,  are  of  inconceivable  smallness. 

The  blood  of  animals  consists  of  minute  red  globules  swimming 
in  a  serous  fluid ;  these  globules  are  so  small  that  a  drop  of  human 
blood,  no  larger  than  the  head  of  a  small  pin,  contains  at  least 
50.000  of  them.  In  many  animals  these  globules  are  still  smaller  ; 
in  the  musk  deer,  for  example,  a  single  drop  of  blood  of  the  size  of  a 
pin's  head  contains  at  least  a  million  of  them. 

Oompressibility. 

11.  Compressibility  is  the  property  of  being  reduced 
to  a  smaller  space  by  pressure.  This  property  is  a  conse- 
quence of  porosity,  and  the  change  of  bulk  comes  from  the 
particles  being  brought  nearer  together  by  the  pressure. 
Sponge,  india-rubber,  cork,  and  elder  pith,  are  examples 
of  compressible  bodies ;  they  may  be  sensibly  diminished  in 
volume  by  the  pressure  of  the  fingers.  Gases  are,  however, 
the  best  examples  of  compressible  bodies. 

Fig.  4  represents  an  apparatus  by  means  of  which  the  oom- 
pressibility of  gases  may  be  shown.  It  consists  of  a  tube  of  glass, 
with  metallic  caps,  completely  closed  at  its  }ower  end.  An  air-tight 
piston  is  introduced  at  the  upper  end,  and  on  being  pushed  down  we 
see  the  inclosed  air  reduced  to  the  half,  fourth,  and  even  the  hun- 
dredth part  of  its  original  bulk. 


I^ioamplM  of  minute  animaU,    SaoamplM  qf  odor^er<m8  bodies.    Blood  globttles. 
(  1 1  •)  What  is  Compressibility  ?    Examplea    JBoiplain  the  experiments 
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Liquids  are  onlj  slightlj  compressible,  DCTcrttieleu  nic* 
experiments  ahov  that  evea  ttiey  oaji  be  somewliat  reduced 
in  bulk  hy  pressure. 


Metals  are  compressible,  as  is  ehovni  in  the  process  of 
stamping  coins,  metals,  and  the  like. 

'  DUaUhlUty. 
19.    DiLATABiLiTT  is  the  property  that  a  body  possesses 
of  assumiog  a  greater  bulk  under  certain  circnmstnnces. 
Id  the  experiment  upon  aii,  explained  in  the  last  article, 

Ara  llqnldi  eompmilbU  r    An  miUli  FODpreMlbl*  t    How  ifcown^  ( 11.)  Wkt 
Is  DlUUbUllj  I 
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if  the  piston  be  raised  after  the  air  has  been  compressed,  iji 
vnH  expand  and  fill  the  tube.  Almost  all  bodies  expand  on 
being  heated.  It  is  on  this  principle  that  thermometers  are 
constructed.     In  cooling,  bodies  contract. 

A  familiar  example  of  dilatability  and  contractibility  is  shown  in 
the  process  of  fitting  the  tire  upon  a  carriage  wheel.  The  tire  is 
made  a  little  smaller  than  the  wheel,  but  on  being  heated  it  expands 
so  as  to  embrace  il :  on  cooling  it  contracts  again  and  draws .  the 
parts  of  the  wheel  tightly  together. 

The  same  property  of  metals  has  been  used  for  producing  great 
pressures;  and  even  for  restoring  inclined  walls  to  an  erect  position. 

Elasticity. 

13.  ELAsncTTY  is  the  property  which  bodies  possess  of 
recovering  their  original  shape  and  size  after  having  been 
either  compressed  or  extended. 

Bodies  differ  in  their  degree  of  elasticity,  yet  all  are  more 
or  less  elastic.  India-rubber,  ivory,  and  whalebone  are 
examples  of  highly  elastic  bodies.  Putty  and  clay  are 
examples  of  those  which  are  only  slightly  elastic. 

If  air  be  compressed,  its  elasticity  tends  to  restore  it  to  its  original* 
bulk ;  this  property  has  been  utilized  in  making  air-beds,  air-cush- 
ions, and  even  in  forming  car-springs.  If  a  spring  of  steel  be  bent, 
iis  elasticity  tends  to  unbend  it;  this  principle  is  employed  in  giving 
motion  to  watches'^  clocks,  and  the  like.  If  a  body  be  twisted,  its 
elasticity  tends  to  untwist  it,  as  is  observed  in  the  tendency  of  yam 
and  thread  to  untwist ;  this  principle,  under  the  name  of  torsum,  is 
used  to  measure  the  deflective  force  of  magnetism.  If  a  body  be 
stretched,  its  elasticity  tends  to  reduce  it  to  its  original  length,  as  is 
shown  by  stretching  a  piece  of  india-rubber,  and  then  allowing  it 
to  contract. 

We  see  that  the  elasticity  of  a  body  may  be  brought  into  play  by 
four  difierent  methods :  by  'pressure^  by  flexure  or  bending,  by  torsion 

Example.  Application  in  putting  tire  upon  a  wheel,  JSSxample  of  restoring 
walU.  (13.)  What  Is  Elasticity?  Give  examples  of  highly  and  slightly  elastio 
bodies.  Give  exar/iplee  of  the  appUcaUoM  i^ekttHctty,  Slow  may  ekt^hiip  b4 
hroxight  into  play  t    Examplee, 


^^^^ 


m  twistiog,  And  by  tenrien  or  nmcliiii;.  In  whatextr  w»t  b  ^j 
be  developed,  it  is  tbe  renili  ot  iMlecalar  duiplMciDcni.  Tkw. 
when  air  is  comprefaed,  the  repoUioiu  berwMn  Um  molccole*  land 
to  expand  it.  Again,  wbeo  a  spriug  ii  beoT.  (he  pame^a  oa  i^  ni. 
side  are  drawn  asimder,  iHiikt  thoae  on  ibe  iD*:de  are  frtmcd  i» 
gather;  the  attractiona  of  the  former  and  tbe  rrpaino^  ^  ihe  Un^, 
tead  to  restore  the  Epriii"  to  its  originiLl  shape. 

The  moRt  elastic  bodies  are  eases ;  afier  them  cooic  temptftd  lUcL 
whalebone,  india-riibber,  iTtH^,  sUm,  lie. 

Fig.  5  illuslratei  the  meth- 
od of  shoning  that  inny 
is  clastic,  and  at  the  ume 
time  that  the  cause  of  its' 
elasticity  ia  molecrolsr  dis- 
placement. It  eonststa  of  a 
polished  plate  of  marble,  over 
which  is  spread  a  thin  layer 
of  oil.  If  a  ball  of  ivory  be 
lot  fall  upon  it  from  different 
heights,  it  will  at  each  time 
rebound,  leaving  a  cirenlar 
impression  on  the  plate,  which 
ii  the  larger  as  the  .boll  falla 
from  a  greater  height.  Tbia 
eiperimeDt  shows  that  the 
ball  is  flattened  each  time  by 
tbe  fall,  that  the  flattening  tn- 
creases  as  tbe  height  increases, 
and  that  the  action  of  the  compressed  molecniea  eanasa  it  ts  n 

The  property  of  elasticily  is  utilised  in  tbe  arts  in  a  great  TBticty 
of  ways.  When  a  cork  is  forced  into  tbe  month  of  a  bottle,  its  cla*> 
ticily  canses  it  to  expand  and  Sll  the  neck  so  as  to  render  il  bMfc 
water  and  air-tight.  It  is  the  elasticity  ot  air  which  causes  india- 
rubber  balls,  filled  vrith  air,  to  rebonnd  when  thrown  npon  bard  nb- 
stances.     It   is   the   elasticity  of  steel  which  renders  i 


1** 


t   of  OM  il 
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springs  for  moving  machinery,  as  'well  as  for  easing  the  motion  of 
carriages  over  rough  roads.  It  is  the  elasticity  of  cords  that  renders 
them  applicable  to  musical  instruments.  It  is  the  elasticity  of  air 
that  renders  it  a  fit  vehicle  for  transmitting  sound.  It  is  the  elas- 
ticity of  the  etherial  medium  pervading  space  which  renders  it 
capable  of  transmitting  light. 

X 

II.  —  MECHANICAL      PRINCIPLES 

Definition  of  Mechanios. 

14.  Mechanics  is  that  branch  of  Physics  which  treats 
of  the  laws  of  rest  and  motion.  It  also  treats  of  the  action 
of  forces  upon  bodies. 

Rest  and  Motion. 

15.  A  body  is  at  rest  when  it  retains  its  position  in 
space.  It  is  in  motion  when  it  continually  changes  its  po- 
sition *in  space. 

A  body  is  at  rest  with  respect  to  surrounding  bodies, 
when  it  retains  the  same  relative  position  with  respect  to 
them,  and  it  is  in  motion  with  respect  to  surrounding  ob- 
jects when  it  continually  changes  its  relative  position  with 
respect  to  them.  These  states  of  rest  and  motion  are  called 
JRdative  Mest  and  Relative  Motion^  to  distinguish  them, 
from  Absolute  Rest  and  Absolute  Motion. 

When  a  hody  remains  fixed  on  the  deck  of  a  moving  vessel  or  boat, 
it  is  at  rest  with  respect  to  the  parts  of  the  vessel,  although  It  par- 
takes with  them  in  the  common  motion  of  the  vessel.  When  a  man 
walks  ahout  the  deck  of  a  vessel,  he  is  in  motion  with  respect  to  the 
parts  of  the  vessel,  hut  he  may  he  at  rest  with  respect  to  objects  on 
shore ;  this  will  he  the  case  when  he  travels  as  fast  as  the  vessel 
sails,  hut  in  an  opposite  direction.  In  consequence  of  the  earth's 
motion  around  its  axis  and  ahout  the  sun,  together  with  the  motion 


Stringed  instrufMnts.  TrawmiieHcn  of  UgM.  (14«>  What  is  Meohanicst 
(15«)  Whe&lsa  body  at  rest?  When  in  motion?  Explain  relatire  and  absolntd 
nst  and  motion.    JUuttrate  by  tmampht. 
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of  the  whole  solar  system  through  space,  it  is  not  likely  that  any 
part  of  our  system  is  in  a  state  of  absolute  rest  for  any  appreciable 
length  of  time. 

DifGsrent  kinds   of  Motion. 

16.  Motion  may  be  rectilinear  or  curvilinear ;  it  is 
rectilinear  when  the  path  of  the  moving  body  is  a  straight 
line,  and  it  is  curvilinear  when  this  path  is  a  curved  line. 
The  motion  of  a  train  of  cars  along  a  straight  track  is  an 
example  of  rectilinear  motion ;  the  motion  of  the  same  train 
in  passing  round  a  curve  is  an  example  of  curvilinear 
motioa 

J  Unifonn  Motion—Velooity. 

17.  Uniform  Motion  is  that  in  which  a  body  passes 
over  equal  spaces  in  equal  times.  Thus,  every  point  on  the 
surface  of  the  earth  is,  by  its  revolution,  carried  around  the 
axis  witS  a  uniform  motion. 

In  this  kind  of  motion  the  space  passed  over  in  one 
second  of  time  is  called  the  velocity.  Thus,  if  a  train  of 
cars  travel  unifonnly  at  the  rate  of  20  miles  per  hour,  its 
velocity  is  293  feet.  Instead  of  taking  a  second  as  the  unit 
of  time,  wo  might  adopt  a  minute,  or  an  hour.  In  the  same 
case  as  before  we  might  say,  that  the  velocity  of  the  train 
is  one  third  of  a  mile  per  minute,  or  twenty  miles  per  hour. 

Varied  Motion— Accelerated  and  Retarded  Motion. 

18.  Varied  Motion  is  that  in  which  a  body  passes 
over  unequal  spaces  in  equal  times.  If  the  spaces  passed 
over  in  equal  times  go  on  increasing,  the  motion  is  acceler- 
ated;  such  is  the  motion  of  a  train  of  cars  when  starting, 
or  that  of  a  body  falling  towards  the  surface  of  the  earth. 
If  the  spaces  passed  over  go  on  decreasing,  the  motion  is 


(16.)  What  is  Becttllnear  Motion?    GorviliDear  Motion f    Examples. 

( 17.)  What  is  Uniform  Motion?  Example.  What  is  meant  byvelodtj?  Bxampliw 

(  1 8)  What  is  Varied  Motion  ?    When  is  it  teeelented  and  when  retard  ed  ? 
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retarded  ;  such  is  the  motion  of  a  ti*ain  of  cars  when  coming 
to  rest,  or  that  of  a  body  thrown  rertically  upwards. 

When  the  spaces  passed  over  in  equal  times  are  continu' 
ally  increased  or  decreased  by  the  same  quantity,  the  motion 
is  uniforndy  accelerated^  or  unifomily  retarded.  The  mo- 
tion of  a  body  falling  in  a  vacuum,  is  uniformly  accelerf 
ated;  that  of  a  body  shot  vertically  upwards  in  a  vacump, 
is  uniformly  retarded. 

The  velocity  of  a  body  having  varied  motion  at  any  time, 
is  the  rate  of  the  body's  motion  at  that  time.  In  varied 
motion  the  velocity  is  continually  changing. 

Forces,  Poweni,    and  Resistances. 

19;  If  a  body  is  at  rest,  any  cause  which  tends  to  set  it 
in  motion,  is  called  a  Force  ;  if  a  body  is  in  motion,  any 
cause  which  tends  to  make  it  move  faster,  or  slower,  or  to 
change  its  direction,  is  called  a  Force, 

A  Force,  then,  is  any  cause  which  tends  to  change  the 
state  of  a  body,  with  respect  to  rest  or  motion. 

The  attractions  and  repulsions  between  the  molecules  of  bodies 
are  forces;  the  muscular  efforts  of  men  or  animals,  employed Jn 
accomplishing  any  kind  of  work,  are  forces;  the  elastic  efforts  of. 
gases  and  vapors  are  forces. 

Forces  which  act  to  produce  motion  are  called  Powers; 
those  which  act  to  prevent  or  destroy  motion  are  called 
JResistances.  The  effort  of  steam  employed  in  moving  a 
train  of  cars  is  a  poioer^  whilst  friction  and  the  inertia  of  the 
air,  which  tend  to  retard  the  motion,  are  resistances.  Pow- 
ers tend  to  accelerate  motion,  and  are  for  that  reason  called 
Accelerating  Forces.  Resistances,  on  the  contrary,  tend  to 
retard  motion,  and  are  for  that  reason  called  Metarding 
Forces. 


Examples.  Define  nnlfonnly  accelerated  and  nnlforroly  retarded  motion.  Br- 
amplea.  (19.)  What  is  a  Force?  Examples.  Define  Powers  and  Besistanoei. 
Examples.    By  what  other  iiames  may  they  be  called  ? 
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D^stlnotive  Cturactaristici  of  ForceR. 

.  30.  In  order  that  the  effect  of  any  force  may  be  com- 
pletely understood,  three  things  must  be  known :  its  point 
o_f  application,  its  direction,  and  its  intensity. 
■  The  point  of  application  of  a  force  is  the  point  where  it 
exerts  its  action.  Thus,  in  Fig.  3,  n^^hich  represents  a  child 
drawing  a  is-agon,  the  force  exerted  by  the  child  has  its 
point  of  application  at  A. 


Fig.  6. 


*  The  direction  of  a  force  is  the  line  along  which  it  acta ; 
thus,  in  Fig.  6,  the  line  AB  is  the  direction  of  the  force 
exerted  by  the  child. 

'  The  intensity  of  a  force  is  the  energy  with  which  it  acts  j 
thne,  in  the  same  example  as  before,  the  intensity  of  the 
force  exerted  is  the  enei-gy  which  the  child  eserts  in  over- 
coming the  resistance  of  the  wagon. 

The  intensity  of  a  force  is  measured  in  pounds;  thus,  a 
force  of  fifty  pounds  is  a  force  necessary  to  sustain  a  weight 
of  fifty  pounds.  The  intensity  of  a  force  may  be  represented 
by  a  distance  wliiuli  is  usually  laid  off  on  the  lino  of  direc- 

(SO)  Wli«  'hren  clemcTii*  ilcMBrminf  s  force!    Donno  tli5  piilft  of  appLLcatlna. 
fra»llneofil!recti.,n.    The  inlensltj.    IIOK  fe  lie  Inlcnstty  moaaurM  [    Uow  rapw- 
'   Jtntedf   'Eumplo.  .    <  ' 
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tion  of  tlie  fovea.  Having  assuniGil  some  unit  of  length, 
say  one  tenth  of  an  inch,  to  represent  one  pound,  this  is  set 
off  as  many  times  aa  the  foree  contains  pounds.  #  In  tbo 
example  taken,  if  no  suppose  the  ibicc  exerted  to  be  seven 
poiindi^  and  lay  off  from  A  to  C  seven  tenths  of  an  inch, 
then  will  ^Creprcaout  the  force  both  in  diiection  and  in- 
tenaty. 

^  SaBultant  and  Componeat  Foroei. 

91.  When  a  body  is  solicited  by  a  single  force,  it  is  evi- 
dent, if  no  obstacle  intervene,  that  it  will  move  in  the  direc- 
tion of  tliat  foree ;  but  if  it  is  solicited  at  the  same  time  by 


PlfrT. 


several  forces  actini;  in  different  directions,  it  will  not,  in 
genei-al,  move  in  the  direction  of  any  one  of  thciji.  For 
example,  if  tivo  men  on  opposite  rides  of  u  river  tow  a  boat 
by  means  of  a  rope,  as  represented  in  Fig.  7,  the  boat  will 
not  moi'e  either  in  tlto  diiection  AJi,  or  ^1 C,  but  it  will 
move  in  some  hitermediate  direction,  as  AE;  that  is,  it  will 
advance  as  though  it  wei'e  solicited  by  a  single  foree  di- 
rected from  A  towards  ^  '  Tliis  single  foiee,  which  would 
produce  the  same  effect  as  tlie  two  separate  forces,  ia  called 
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Fig.  a 


their  JResuUant.)  \Tlie  separate  forces  are  called  Compo- 
nents of  the  resultant.^ 

fin  general  the  resultant  of  any  number  of  forces  is  a  single 
force  whose  effect  is  equivalent  to  that  of  the  whole  group. 
The  individual  forces  of  the  group  are  called  Components.^ 

Parallelogram  of  Forces. 

22.  It  is  shown  in  Mechanics  (Peck's  Mechanics,  Art. 
27),  that  if  ^J5  and  AD^  Fig.  8,  represent  two  forces  acting 
at  -4,  their  resultant  will 
be  represented  by  AC. 
That  is, (t/*  two  forces 
are  represented  in  direc- 
tion and  intensity/  by  ih^ 
adjacent  sides  of  a  pav" 
aUelogram^  their  result- 
ant will  be  represented  i9i 

direction   and  intensity  by  that  diagonal  which  passes 
through  their  ptoint  of  intersection. 

This  principle  is 
called  the  Parallelo- 
gram of  Forces, 
friie  operation  of 
finding  the  result- 
ant when  the  com- 
ponents are  given 
is  called  Composi- 
tion of  Forces  ;  the 
reverse  operation  is 
called  Resolution 
of  Forces^ 

When  two  forces 
are  applied  at  the 
same  point,  as  shown  in  Fig.  9,  we  lay  off  distances  AB 


What  are  Components?    Illustrate.    ( %% )  Enunciate  the  parallelogram  of  forces. 
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and  AD  to  repreaent  the  forc3s,  and  having  completed  the 
parallelogram,  we  draw  its  diagonal  AG;  this  will  be  their 
resultant.  If  the  resaltant  ^  C  is  known,  and  the  directions 
of  its  components  are  given,  we  draw  through  C  the  lines 
CI>  and  CB  parallel  to  their  directions ;  then  will  the  in- 
tercepted lines  AD  and  AH  be  components  of  the  torce 
AC. 

Piaotioal  Example  of  CompoBttion  of  Forces. 

33.  O  bird,  in  flying,  strikes  the  air  with  both  wings, 
and  the  latter  offers  a  resistance  which  propels'him  forward^ 


Let  ^^nnd  All,  in  Fig.  10,  represent  these  resistances. 
Draw  AB  and  AD  equal  to  each  other,  and  complete  the 
parallciogram  AO;  draw  also  the  diagonal  AC.  Tlien 
will  A  C  represent  the  resultant  of  the  two  forces,  and  the 
bird  will  move  exactly  as  though  impelled  by  the  single 
force  CA. 


snlLint.  rnnnd  v)i(>n  Ilie  cnmpnnenti  Fire 
(33.)    Explain  the  aigbt  of  a  bird. 


FnoUcal  Example  of  Resolntioii  of  Foicea. 

34.  LWhen  a  sail-bont  is  propelled  by  a  breeze  acting  on 
the  quarter  in  the  directiou  vu  (Fig.  11),  we  may,  by  the 
rule  in  Art.  22,  resolve  the  intensity  of  the  wind  into  two 
components,  one,  ca,  in  the  direction  of  the  keel,  and  the 


FiB.  ti. 


other,  ha,  at  right  angles  tp  it.  The  first  component  alone 
is  effective  in  giving  a  forward  motion  to  the  boat,  whilst 
-the  second  ia  paitly  destroyed  by  the  resistance  which  the 
water  offers  to  the  keel,  and  partly  employed  in  giving  a 
lateral  motion  to  the  boat.    This  lateral  motion  is  called 

Resultant  of  Parallel  Foroea. 

93.  y^When  two  forces  act  in  the  same  direction,  as  when 
two  horses  pull  at  the  ends  of  a  whiffle-tree  to  draw  a 
wagon,  their  resultant  is  equal  to  the  sum  of  the  forces,- 
(When  tliey  act  in  a  contrary  direction,  as  in  the  case  of  a 
steamboat  ascending  a  liver,  where  the  force  of  the  engine 
acts  to  propel  the  boat  forward,  whilst  the  current  acts  to 
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retard  its  progress,  tJieir  resultaiit  is  equal  to  the  difference 
of  t/ie  forces,  j 

XSquUibrium  of  Forces. 

26-     When  several  forces  acting  upon  a  body  exactly 
balance  each  other,  they  are  said  to  be  in  equilibrium. 


grams 


Fig.ia. 

The  simplest  case  of  equilibrium  is  that  of  two  equal 
forces  acting  against  each  other,  as  in  the  case  where  two 
men  of  equal  strength  pull  at  the  two  ends  of  a  rope,  as 
shown  in  Fig.  12. 

In  the  same  manner,  if  two  buckets  of  equal  weight  are 
suspended  in  a  well  from  the  ends  of  a  rope  passing  over  a 
pulley,  they  will  be  in  equilibrium. 

When  a  body  rests  upon  a  table,  there  is  an  equilibrium 
between  the  weight  of  the  body  which  urges  it  downwards, 
and  the  resistance  of  the  table  which  prevents  it  from  billing. 
If  the  weight  becomes  greater  than  the  resistance,  the  table 
breaks  and  the  body  falls. 

Centrifugal  ana  Centripetal  Forqes. 

27.  The  Centrifugal  Force  is  the  resistance  which 
a  body  offers  to  a  force  which  tends  to  deflect  it  from  its 
course. 

In  consequence  of  its  inertia,  a  body  always  tends  to 
move  in  a  straight  line,  and  if  we  see  it  move  in  a  curved 
line  it  is  because  some  force  is  acting  to  turn  it  from  its  path. 
This  deflecting  force  is  called  the  Centrij^etal  Force^  and 


(26.)  When  are  forces  in  eqiiiUbrinm  ?    Illustrate  by  examples.    {%!.)  What  is 
the  Gentrifbgal  Force?    Centripetal  Force  ? 
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bocaose  actlou  and  inaction  arc  ahvays  <;qiiiil,  tJie  centri- 
petal Wid  ceiitr^iiffal  forces  are  ahoayi  opposed  and  eqiud 
to  each  otlter.  If  a  ball  is  whirled  alx>ut  the  linnd,  bemg;  re- 
t£uned  by  a  string,  it  has  a  continual  tendency  to  fly  ol^ 
which  tendency  ia  resisted  by  the  strength  of  the  string ;  the 
tendency  to  fly  off  is  due  to  the  ceutrifugal  ibrce,  and  the 
force  which  resists  this  tendency  is  the  cuntriputal  force. 


The  curved   path   in  whioli  a,  body  i 
made  up  of  short  straii^ht  lines,  uad  if  al 


\  may  bo  regarded  u 
iiialanl  the  centripetal 
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force  ■were  destroyed,  the  body  would  continue  to  move  along  that 
line  on  which  it  was  situal^ed ;  that  is,  its  new  path  would  be  tangent 

The  existence  of  the  centrifugal  force  may  be  shown  eiperiment- 


SoTD  dott  a  body  m 


whd  i?it  anirtpdal  Jbrct  it  ititnvti  t 
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ally  by  the  apparatus  represented  in  Fig.  13.  It  consists  of  a  bar, 
AB.  having  its  ends  bent  up  so  as  tChold  a  wire  which  is  stretched 
between  them.  On  this  wire  two  ivory  balls  are  strung  so  as  to. 
slide  along  it,  and  the  whole  bar  is  made  to  turn  about  an  axis  at 
right  angles  to  it  by  means  of  a  crank  and  two  bevelled  wheels. 
When  the  bar  is  made  to  revolve  about  the  axis,  the  balls,  acted 
upon  by  the  centrifugal  force,  are  thrown  against  the  ends  of  the 
bar  with  an  energy  which  becomes  greater  as  the  motion  of  revolu- 
tion becomes  more  rapid. 

Some  Sfifects  of  the  Centrifugal  Force. 

2§«  When  a  train  of  cars  turns  round  a  curve  in  the 
road,  the  centrifugal  force  tends  to  throw  the  train  off  the 
track,  a  tendency  Avbich  is  resisted  by  raising  the  outer  rail 
and  by  making  the  wheels  conical. 

It  is  in  consequence  of  the  centrifugal  force,  that  the  mud 
adhering  to  the  tu'c  of  a  carriage-wheel  is  thrown  off  in  all 
directions. 

In  the  circus,  where  horses  are  made  to  trayel  rapidly 
around  in  a  curved  path,  the  centrifugal  force  tends  to  over- 
turn them  outwards,  which  tendency  is  partly  overcome  by 
making  the  outside  of  the  track  higher  than  the  uiside,  and 
partly  by  both  horse  arid  rider  inclining  inwards,  so  as  to 
make  the  resultant  of  their  weight  and  the  centrifugal  force 
perpendicular  to  the  path. 

When  a  sponge  filled  with  water  and  held  by  a  string  is* 
whirled  rapidly  around,  the  centrifugal  force  throws  off  the 
water  and  leaves  the  sponge  dry.  This  principle  has  been 
used  for  drying  clothes  in  the  laundry. 

A  very  remarkable  effect  of  the  centrifugal  force  is  the 
flattening  of  our  earth  at  the  poles.  Tlie  earth  turns  on  its 
axis  every  twenty-four  hours,  which  rotation  gives  rise  to  a 
centrifugal  force  at   every  pdint   of  its   surface.    At  the 


Explain  the  experiment.  (28  )  Give  examples  of  the  action  of  the  ccntrlftigal 
force.  Cars  on  a  curve.  Mud  from  wheel  Circus.  Sponge.  Effect  on  thfi  form  dt 
'>e  earth. 
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equator  the  centrifugal  force  is  greatest,  because  the  ve- 
locity is  there  the  greatest, 'and  from  the  equator  it  grows 
feebler  towards  each  pole,  where  it  is  zero.  ^  The  centrifugal 
force  at  every  point  is  perpendicular  to  the  axis,  and  may  be 
resolved  into  two  components,  one  directed  outwards  from 
the  centre,  and  the  other  perpendicular  to  this.  The  former 
component  lessens  the  weight  of  bodies,  and  the  latter  acts 
to  heap  the  particles  up  towards  the  equator.  It  has  been 
found  that  the  earth  is  a  spheroid,  flattened  at  the  poles. 
The  polar  diameter  is  about  twenty-six  miles  shorter  than 
the  equatorial  diameter.  Observations  upon  the  heavenly 
bodies  show  that  other  planets  are  in  like  manner  flattened 
at  their  poles. ) 

The  manner  in  which  the  centrifugal  force  acts  to  flatten  a  sphere, 
is  shown  experimentally  hy  an  apparatus, 
represented  in  Fig.  1 4.  This  apparatus 
consists  of  a  vertical  rod  to  which  a  mo- 
tion of  rotation  may  be  imparted,  as 
shown  in  Fig.  13.  At  the  lower  part  of 
this  rod  four  strips  of  brass  are  firmly 
fastened  and  bent  into  circles,  as  shown 
by  the  dotted  lines;  their  upper  ends 
are  fastened  to  a  ring  which  is  free 
to  slide  up  and  down  the  rod.  When 
the  axis  is  made  to  revolve  rapidly,  the 
centrifugial  force  causes  the  ring  to  slide 
down  the  rod,  the  hoops  become  .m^re 
curved,  as  shown  in  the  figure,  and  the 
whole  assumes  the  appearance  of  a  flat- 
tened sphere. 

Machines. 


Fig.  14 


20,  A  Machiioj  is  any  contrivance  that  transmits  the 
action  of  a  force.  A  force  which  is  used  to  move  a  machine 
is  a  motor. 


.    Effect  on  the  weight    Explain  the  euperiment.     (29.)  What  is  a  Machine? 
What  is  a  Motor? 

2# 
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When  we  cut  an  apple  with  a  knife,  the  hand  is  the  motor 
and  the  knife  ia  a  machine. 

A  horse  drawing  a  cart  is  a  motor,  and  the  cart  which 
iorves  to  utilize  the  force  of  the  horse  is  a  machine. 

Water  turning  a  water-wheel,  wind  turning  a  wind-mill, 
and  steam  driving  a  locomotive,  are  all  motors. 

Mochinei  do  not  increase  the  energy  of  the  motors,  but  by  modi- 
f}*ing  their  action  they  emtble  as  to  do  worb  which  we  conld  not 
otherwise  perform.  For  example,  by  the  aid  of  a  lever,  about  to  be 
dercribed,  a  man  may  raise  a  weight  which  he  oauM  not  otherwise 

The  Zisver.  y 

30.  A  Lbveb  b  an  inflexible  bar  free  to  turn  abont  a 
filed  point,  called  the  Fulcrum,  and  acted  upon  by  two 
forces  which  tend  to  turn  it  in  opposite  directions.  The 
force  which  acts  as  a  motor,  is  called  tie  Power,  the  other 
one  is  called  tlie  Resistance. 

Le\'ers  ai'e  of  three  classes,  according  to  the  position  of 
the  fulciiim  with  respect  to  the  power  and  reaistauoe. 


Lever  of  the  Jir»t  das f. — In  this  class  the  fulcnim  is  be- 
tween the  power  and  the  resistance.  Such  a  lover  ia  repre- 
sented in  Fig.  15.  The  hand  is  the  power,  the  weight  F  is 
the  resistance,  and  the  fixed  point  C  is  the  fulcnnu, 

(80.)iniatia> 


y  0 


r  . 
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Letter  of  the  second  class. — ^In  this  class  the  fulcrum  is 
beyond  both  the  power  and  resistance,  and  nearest  the  re- 
sistance. Such  a  lever  is  shown  in  Fig.  IG.  The  power  is 
applied  at  B^  the  resistance  at  A^  and  the  fulcrum  is  at  C. 


I'ig.  16. 


Lever  oftJie  third  class, — In  this  class  the  fulcrum  is  be- 
yond both  the  power  and  the  resistance,  and  nearest  the 
power,  as  shown  in  Fig.  17.^. 

In  every  class  of  lever,  the  distances  fi'om  the  fulcrum,  to 
the  power  and  resistance,  are  called  Zever  Arms,  In  each 
of  the  figures  in  this  article,  CB  is  the  lever  aim  of  the 
power,  and  CA  the  lever  arm  of  the  resistance. 

CJonditions  of  Equilibrium  of  the  liever. 


31.  It  is  demonstrated  in  Mechanics  (Art.  T8),  that  the 
effect  of  a  force  produced  by  the  aid  of  a  lever  increases  as 
its  lever  arm  increases,  so  tjiat,  if  the  lever  arm  be  doubled 
or  tripled,  the  effect  of  the  force  is  always  doubled  or  tripled. 


What  ore  the  Lever  Arms?   <310  What  is  the  relation  betvrccn  ttw  power  and 
reaistance  ? 
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Hence  it  was  that  Arcuimedes  was  able  to  say,  that  lie 
could  lift  the  world  if  he  had  a  place  on  which  to  rest  his 
lover. 


Fig.  17. 

Since  the  effect  of  a  force  increases  with  its  ami  of  lever 
it  is  necessary,  in  order  that  the  power  and  resistance  may  be 
in  equilibrium,  that  they  should  be  to  each  other  inversely  as 
their  lever  arms.  That  is,  if  the  power  is  three  times  the 
resistance,  the  lever  arm  of  the  former  should  only  be  one 
third  as  long  as  that  of  the  latter,  and  so  on.  If  the  power 
is  equal  to  the  resistance,  they  will  be  in  equilibrium  when 
their  lever  arras  are  equal. 

From  what  has  been  said,  it  follows,  that  the  power  is  always 
greater  than  the  resistance  in  the  third  class  of  levers,  and  less  than 
it,  in  the  second  class.  In  the  first  class  the  power  may  be  either 
greater  or  less  than  the  resistance.     We  say  in  common  languag© 


Between  the  power  and  velocity? 
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that  there  is  a  loss  of  power  in  using  a  lever  of  the  third  class,  and 
a  gain  of  power  in  using  one  of  the  second  class. 

In  performing  any  work  with  a  lever,  the  paths  passed  over  by  the 
points  of  application  of  the  power  and  resistance  are  proportional  to 
their  lever  arms ;  that  is,  the  longer  the  lever  arm  the  greater  the 
path  passed  over,  and  the  greater  its  velocity.  This  is  expressed  by 
saying,  that  what  is  gained  in  power  is  lost  in  velocity.  It  is  for  this 
reason  that  we  say  there  is  no  real  gain  of  power  in  the  employ- 
ment of  a  lever. 

Examples  of  Levers. 

33.  Levers  are  of  continual  use  in  the  arts,  forming 
joomponent  parts  of  nearly  every  machine. 


Fig.  18. 

A  pair  of  scissors  affords  an  example  of  the  first  class  of 
levers.  The  fulcrum  is  at  C,  Fig.  18,  the  hand  furnishes 
the  power,  and  the  substance  to  be  cut  the  resistance. 

The  common  balance,  yet  to  bo  described,  is  a  lever  of  this  class 
as  is  also  the  handle  of  a  pump. 

The  ordinary  nut-cracker  is  an  example  of  levers  of  the 


Fig.  19. 

second  class.    The  fulcrum  is  at  (7,  Fig.  19;  the  power  is 
the  hand,  and  the  resistance  is  the  nut  to  be  cracked. 

i    I»  Viw0  any  gain  of  power  in  ntififf  a  lever  f     (32)  Applications.    Explain 
the  scissors.    The  nut-cracker. 


3b  POFl'LAB 

The  oam  uf  a  bout  are  leren  of  the  second  clost.  The  end  of  the 
oar  in  the  water  is  the  fulcrum,  the  band  in  the  paver,  and  the  boat, 
or  rather  the  resUtance  of  the  water  whioh  it  has  Lo  overcome,  is  the 
resistance.  The  ehears  emptoycd  for  cutting  metals  belong  to  this 
class  of  levers. 

The  treadle  of  a  flax-spinner,  or  of  a  lathe,  is  an  example 
of  a  lever  of  the  third  kind.  The  fulcrum  is  at  C,  Fig.  20, 
the  foot  ia  the  power,  and  the  work  to  be  done  is  the 
redstance. 


Fig.  so. 

The  bones  of  the  animal  frame  ai'o  many  of  them  levers  of  this 
class.  Tlius,  in  the  bone  of  the  forearm  in  man,  the  elbow  joint  is 
the  fulcrum,  the  muscle  attached  just  below  the  joint  is  the  power, 
and  a  weight  lo  bo  raised  is  the  resistance. 

Other  Machines. 
88.    Besides  the  lever  there  are  two  other  simple  ma- 
chines, the  cord  and  the  inclined  plane.    The  former  re- 

Oarta/aboat.  TksiII*  ot*  «pliin«.   Smue/tAcfiriarm.    (88  )  Whst  «•  th* 
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quires  no  description,  and  the  latter  will  be  explained  further 
on.  From  these  machinei?,  as  elements,  are  formed  by  com- 
bination, the  pulley^  the  wheel  and  aosle,  the  screw^  and  the 
wedge.  These  seven  make  up  what  are  commonly  called 
the  Mechanical  Powers^  and  from  them  may  be  con- 
structed every  machine,  however  complicated.  For  a  more 
detailed  account  of  the  general  principles  of  Mechanism  and 
Machines,  the  reader  is  referred  to  Chapter  XI. 


III.— 'FRINCIPLES    DEPENDENT    ON    THE    ATTRACTION     OF    GRATITATION. 

Univenial  Gravitation. 

84.  The  earth  exerts  a  force  of  attraction  upon  all 
bodies  near  it,  tending  to  draw  them  towards  its  centre. 
TJiis  force,  called  the  Force  of  Gravity^  when  unresisted 
imparts  motion,  and  the  body  is  said  to  fall ;  when  resisted 
it  gives  rise  to  pressure,  which  is  called  Weight. 

Newton  showed  that  the  force  of  gravity,  as  exhibited 
at  the  earth's  suiface,  is  only  a  particular  case  of  a  general 
attraction  extending  throughout  the  Universe,  and  contin- 
ually tending  tj)  draw  bodies  together.  This  general  at- 
traction he  called  TIniversal  Gravitation.  It  is  mutually 
exerted  between  any  two  bodies  whatever,  and  it  is  by 
virtue  of  it  that  the  heavenly  bodies  are  retained  in  their 
orbitgi. 

The  law  of  universal  gravitation  may  be  easily  explained.  If  we 
take  the  mutual  attraction  of  two  units  of  mass,  at  a  unit's  distance 
from  each  other,  as  1,  then  will  their  mutual  attraction  at  any  other 
distance  be  equal  to  1  divided  by  the  square  of  that  distance ;  thus, 
if  the  distance  is  2.  their  attraction  will  be  J  of  what  it  was  at  the 


What  machines  are  formed  by  combinations  of  simple  machines?  Name  the  seven 
mechanical  powers.  (  34.)  What  is  the  Force  of  Gravity  ?  What  is  its  effect  when 
unresisted?  When  resisted?  What  is  Universal  Gravitation?  Explain  the  law 
0/  UMvertcU  Gravitation. 


;:c 
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distance  1 ;  if  their  distance  is  3,  their  attraction  will  be  ^.  of  what 
it  was  at  the  distance  1,  and  so  on.  If  one  of  the  masses  contains 
m  units  of  mass,  and  the  other  one  unit,  the  force  will  be  m  times  as 
great  as  though  they  were  both  units  of  mass ;  that  is,  the  attraction 
will  be  equal  to  m,  divided  by  the  square  of  the  distance  between 
the  bodies.  If  the  second  body  contain  n  units  of  mass,  the  attraction 
will  be  n  times  as  great  as  before ;  that  is,  it  will  be  mn,  divided  by 
the  square  of  the  distance  between  the  bodies. 

This  law,  di8X50vered  by  Newton,  may  be  expressed  as 
follows :  Any  two  bodies  exert  upon  each  other  a  mutual 
attraction^  which  varies  directly  as  the  product  of  their 
masseSj  and  inversely  as  the  square  of  their  distance  apart. 

Bffdct  of  Gravitation  on  the  Planets. 

85.  It  is  by  the  influence  of  gravitation  that  the  planets 
are  retained  in  their  orbits.  Their  motion  is  the  same  as 
though  they  had  been  projected  into  space  with  an  impulse, 
and  then  continually  drawn  from  the  right  lines  along  which 
ineitia  tends  to  carry  them,  by  the  attraction  of  the  sun. 
The  planets  also  attract  the  sun,  but  their  masses  being  ex- 
ceedingly small  in  comparison  with  that  of  the  sun,  their 
effects  in  disturbing  its  position  are  exceedingly  small.  The 
orbits  of  the  planets  are  ellipses  differing  but  little  from 
circles. 

Force  of  Gravity. 

36.  The  Force  of  GRAvrrY  is  that  force  of  attraction 
which  the  earth  exerts  upon  all  bodies,  tending  to  draw 
them  towards  its  centre. 

As  has  been  stated,  it  is  only  a  particular  case  of  Uni- 
versal Gravitation.  It  is,  therefore,  subject  to  the  same 
law,  that  is,  it  varies  directly  as  the  mass  of  the  body  acted 

Enunciate  Nbwton''8  law.  (36.)  What  is  the  effect  of  gravitation  on  the  planets  ? 
What  are  the  orbits  of  planets?  (  36.)  What  is  the  Force  of  Gravity  ?  How  does 
It  vary? 
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upon,  and  inversely  as  the  square  of  its  distance  from  the 
centre  of  the  earth.  «vi 

The  shape  of  the  car  In  has  been  shown  by  careful  measurement 
to  be  that  of  a  spheroid  ;  that  is,  of  a  sphere  slightly  flattened  at  the 
poles.  The  mean  radius  is  a  little  less  than  4J^  miles.  On  ac- 
count of  the  flattening  of  the  earth  at  the  poles,  difl*erent  points  are 
at  slightly  diflerent  distances  from  the  centre,  and  consequently  the 
force  of  gravity  varies  slightly  at  diflferent  places  on  the  surface. 
For  ordinary  purposes,  however,  we  may  regard  the  earth  as  a  per- 
fect sphere,  and  the  force  of  gravity  as  constant  all  over  its  surface. 


< 


Vertical  and  Horizontal  Lines. 


37.  A  Vertical  Lixe  is  a  line  along  which  a  body 
falls  freely.  All  vertical  lines  are  directed  towards  the 
centre  of  the  earth,  but  for  places  near  together  they  may 
be  regarded  as  parallel.  "^ 

In  Fig.  21,  the  lines  acr  and  bo  are  verticals,  but  if  they  are  not 
far  apart,  their  convergence  is  so  small  that  they  may  be  taken  as 


Tig.  21. 


parallel.     If,  however,  their  distance  apart  is  considerable,  they  can 
not  be  regarded  as  parallel.     A  man  standing  erect  has  his  body  in 


What  is  the  shape  ofths  earth  t  (37.)  What  is  a  VerHcal  Line  ?  Where  do 
Terticals  meet?  When  may  they  be  conddered  parallel?  Whetk  not  parallel  t  H- 
lustrate. 
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a  vertical,  and  it  may  happen  that  two  persons  on  opposite  sides  of 
the  globe,  as  at  E  and  E'^  may  both  stand  erect,  and  yet  their  beads 
bi  turned  in  exactly  opposite  directions,  their  feet  being  turned 
inwards  each  other.  Points  where  this  may  happen  are  said  to  be 
antipodes. 

A  Horizontal  Line,  or  Plane,  at  any  place  is  one 
which  is  perpendicular  to  a  vertical  line  at  that  place. 
The  surface  of  still  water  is  horizontal,  or  levd.  For  small 
areas  this  surface  may  be  regarded  as  a  plane,  but  when  a 
large  surfiice  is  considered,  as  the  ocean,  it  must  be  con- 
sidered as  curved,  conforming  to  the  general  outline  of  the 
earth's  surface. 

Upon  the  principle  of  verticals  and  horizontals,  all  of  our 
instruments  for  levelling  and  making  astronomical  obser\^a- 
tions  are  constructed. 

The  Plmnb-Line. 
38.    A  Plumb-Line,   is  a  line  having  a  heavy  body, 

Ufiuallv  of  lead,  ansnpnrlafl    of   f\nA  /%^..  ii-r.    ^»;i-       nxru.         ^»    ^ 


r 


Weight. 

39.     Tlie  Weight  of  a  body  is  the  pressure  which  it 

"""  "^  ■ ■ — — _^.______^ 

Wh^i  are  anHpodest    What  is  a  Horizontal  Line,  or  Plane  ?    Level  i*    Anrtlca- 


exerts  upon  any  body  tliat  prevents  it  from  fiilling  towards 
the  asrth. 


Tho  Trei^l  t  of  a  bod*  in  due  to  the  force  ol  gratit  ,  acting  upon 
all  of  ita  particles  but  it  must  not  be  confomided  ntth  lbs  force  of 
gravity.  Weisht  is  only  the  effeot  of  gro'vily  tihea  resisted  when 
gravity  is  unresiBfed  it  produces  quite  another  cffict  that  is  motion. 

At  the  same  place  the  weights  of  bodies  are  proportional  to  their 
masses,  or  the  quantities  of  matter  which  they  contain  We  shall 
see  hereafter  that  the  weight  of  bodies  may  be  determined  by  means 
of  the  balance  ;  the  force  of  gravity  is  determined  by  the  velocity 
which  it  can  impart  to  a  body  in  a  certain  time,  as  will  be  shown 
more  fully  hereafter. 

Centre  of  Cbftvlty. 

40.  The  Centee  of  Gravity  of  a  body  is.  that  point 
throtigh  which  the  direction  of  its  weight  always  pasaes. 

We  have  seen  that  the  weight  of  a  body  is  the  resultant 
of  the  action  of  gravity  upon  all  of  its  particles.    It  is  shown 
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in  Mechanics,  that  whatever  may  be  tlie  form  of  a  body,  or 
whatever  may  be  its  position,  the  direction  of  it«  weight 
alAvays  pasees  through  a  ^gle  point.  This  point  is  the 
centre  of  ffravity. 

The  dBlerminstion  of  the  centre  of  gravity  in  the  general  case 
requires  Ibo  oid  of  mathemBtici;  but  in  munj'  casea  its  position  is 
evideat.  In  a  uniform  straight  bar,  it  is  at  the  middle  point.  In  a 
Equare,  or  a  rectangular,  or  a  circular,  or  an  elliptical  disk  it  is  attbe 
centre,  or  middle  point,  and  bo  ou. 

.  Bqnilibrinm  of  heary  Bodiei. 

41.  The  centre  of  gravity  being  the  point  at  wliich  the 
weight  is  applied,  it  follows  that,  if  tliis  point  is  held  fast  by 
any  support  whatever,  the  effect  of  the  weight  is  completely 
counteracted,  and  the  body  wilt  be  in  a  state  of  equilibrium. 

If  a  body  haa  but  a 
single  point  of  support, 
it  can  be  in  equilibrium 
only  when  its  centre  of 
gravity  lies  somewhere 
.  on  a  vertical  through  that 
point.  An  example  is 
shown  in  Fig.  23,  which 
represents  a  boy  balanc- 
ing a  cane  upon  his  finger. 
In  the  figure,  g  is  the 
centre  of  gravity,  and 
that  point  must  be  kept 
exactly  over  the  point  of 
support.  This  is  a  ease 
of  unstable  equilibrium. 

If  a  body  has  but  two 
points  of  support,  it  can 


CireUt   EJHpM 
1  polot,  <Tbet«  m 


itrm/tirnrrtty  of  a  itralght  tfnel  0/a  tgntril  B.r^nffll 
( 41.)  When  !■  ■  bod;  i;  tqalllbTlam  t  Wben  t  bodf  leaU  i 
it  tbe  oeatre  of  gity\lf  be  I    Example.  ■ 
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be  ia  equilibrium  only  when  its  centre  of  pp-avity  lies  in  a 
vertical  drawn  throiigh  some  point  of  the  line  joining  these 
two  points.  An  example  is  shown  in  Fig.  24,  which  repre- 
sents a  man  standing  on  stilts.  To  be  in  equilibrium,  his 
centre  of  gravity  moat  be  exactly  over  the  line  joining  the 
feet  of  his  stilts.  This  is  also  a  cose  of  ttnstable  equi- 
librium. 


The  art  of  balanein?,  in  which  c  cus  T  den  dnd  rope  dance  ^  are 
so  expert,  eonsisls  in  skillfully  keeping  the  centre  of  gravity  eup- 

If  a  body  has  three  auppoits  not  in  a  straight  line,  it  ^-ill 
ba  in  equilihriuni  when  the  centre  of  gravity  lies  on  a  ver- 
tical drawn  through  any  point  of  the  triangle  formed  Ly 
joining  these  points.  An  example  ia  shown  in  Fig.  2a, 
which  represents  a  three-legged  table.  Tlie  centio  of 
gravity  being  at  .i;,  the  table  will  be  in  equilibrium  so  long 
as  the  vertical  through  that  point  [jiercea  the  triangle 
formed  by  uniting  the  fest-ef  the  tab!e. 

When  ItHsli  on  Iwopulnts?    E:iiUiipla.    When  on  ibtce  pulotiT    Eininplo. 


40 

If  a  hotly  lins  four  or  more  snpporta,  tlie  condition  ot 
equilibrium  will  be  analogous  to  tbat  just  explained.  In 
thia  case,  if  the  outer  points  of  support  be  joined  by  lines, 
they  win  form  a  polygon,  calltfd  the  Polygon  of  Support, 
and  the  body  will  be  in  equilibrium  when  its  centre  of 
gravity  is  on  a  vertical  drawn  through  any  point  of  this 
polygon.  - 

Difiiarent  kinds  of  Bq.ailibrin]ii.  ^ 

49.  When  bodies  are  a«ted  upon  only  by  the  force  of 
gravity,  and  have  one  or  more  points  of  support,  three  kinds 
of  eqnilibriam  may  exist :  Stable,  Unstable,  and  Neutral 
JEquiliWhim. 

1.  Stable  Equilibrium, — A  body  is  in  stable  equUibrimn, 
when,  on  being  slightly  disturbed  from  its  state  of  rest,  it 
tends  of  itself  to  return  to  that  state. 


This  will  be  the  case  when  tlie  centre  of  gravity  i.i  lower 
in  its  jiosition  of  rest  than  it  is  in  any  of  the  neighboring 
positions,  for  in  llii.s  case  tiie  weight  of  the  body  acting  at 


Whenonf.mrormnro  p.rint<7    What  Is  th»  Prtlrinn  nf  Sapportf    (  43.[  Wh»t 
rt  the  tliree  ce>es  ol equmirlmu'-    W liat  \b  SviU<  Et 


.rt  •    (  43.)  W 
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the  centre  of  gravity  tends  to  keep  it  in  the  lowest  poation. 
If  slightly  disturbed  from  the  lowest  position,  the  weight 
will  «et>to  draw  it  back,  and  so  establish  the  equilibrium. 

Wc  liave  uft  example  of  stable  equilibrium  represented  in  Figs.  26 
and  27j  which  represent  images  often  met  with  in  the  toy  shops. 
If  the  image  be  inclined  to  one  side,  as  shown  in  Fig.  27,  it  will  by 
its  own  weight  right  itself,  and  take  the  po:iiition  bhown  in  Fig.  26. 
These  figures  are  hallow  and  light,  and  are  ballasted  with  lead  at 
their  lower  part  so  as  to  throw  the  centre  of  gravity  very  low.  The 
result  is,  that  when  the  figure  is  inclined,  the  centre  of  gravity  is 
raised,  and  the  weight  acts  to  restore  it.  The  figarc  settles  in  its  prim* 
itive  state  of  rest  only  after  several  oscillations,  which  are  due  to  the 
inertia  of  the  body.  The  explanation  of  this  oscillation  is  the  same 
as  that  given  for  the  oscillation  of  the  jiendulum. 

2.  Unstable  Equilibrium, — A  body  is  in  vnstahle  equi- 
librium^ when,  on  being  slightly  disturbed  from  its  state  of 
rest,  it  does  not  tend  to  return  to  that  state,  but  continues 
to  depart  fi'om  it  more  and  more. 

This  will  be  the  case  when  the  centre  of  gravity  is  higher 
in  its  position  of  rest  than  in  any  of  the  neighboring  posi- 
tions. When  the  body  is  slightly  disturbed,  the  weight 
acts  not  only  to  prevent  its  return,  but  also  to  cause  it  to 
descend  still  loAver. 

\Vc  have  examples  of  unstable  equilibrium  shown  in  Figs.  23 
and  24.  In  Fig  23:  ♦be  cane  may  overturn  in  any  direction,  whilst 
in  Fig.  24,  the  man  will  overturn  about  the  line  joining  the  bottom 
of  his  stilts. 

3.  Neutral  Equilibrixmr,  —  A  body  is  in  neutral  equi- 
libnum^  when,  on  being  slightly  disturbed,  it  has  no  tend- 
ency either  to  return  to  its  primitive  state,  or  to  depart 
further  fiora  it. 

This  will  be  the  ca:e  when  the  centre  of  gi-avity  is  at  the 


Example.     Wbat  is  Unstable  Equilibrium?     Illustrate.     £'xorAplM.   \;\x^\.  N^^ 
Neutral  Equilibrium  ?    Illustrate, 
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of  rest  aa  in  the  naghboring 
ir  iim  u  a  b^  ^ 


same  height  in  its  posili 
positions. 
We  have  an  example  of  th  a  k    d  of  cqu  1  br  urn  m  a  b^^l  vaUug 

on  a  boruonUl  table 


mi'^  "'^ 


StablUty  of  BadlcB. 
4S.    From  what  has  been  snicl  in  the  preceding  articles, 
it  follows  tlint  bodies  «-ill  in  genei'al  be  most  stable  ivhen 
tlieir  bases  are  largest.     For  in  such  cases,  even  after  a  con- 
siderable iiiclinalioii,  the  line  of  direction  of  the  weight  will 
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pass  within  the  original  polygon  of  support,  and  the  weight 

will  act  to  return  the  bo<iy  to  its  oiigiiial  state  of  rest. 
Hence  it  is  tliat  wc  iind  ohairs,  lajnps,  chandeliers,  and 
many  other  familiar  utenals  constructed  with  hroad  bases, 
to  render  them  more  stable. 

The  leoiiins  tower  of  Pisa  is  bo  much  iucliocd  that  it  n.ppcai's 
about  to  I'all ;  yet  it  Btands,  bccnuso  Llic  Tertical  tluoui^h  the  cciilio 
of  gfi^v'ty  piUi^eB  wiiliin  tlio  baso  of  tlto  lower.  Fig.  28  rcprcBcnl* 
It  toner  at  Bologna,  wbich  is  oven  moro  inclined  Iban  that  at  Pisi. 
TbiB  tovrer  was  built  iu  tlto  year  1113,  and  received  ita  inclination 
from  unequal  EEltiins  of  the  ground  on  wbicli  it  was  built.  It  ilocs 
not  fall,  because  llie  vertical  tlirougli  tlio  cciitro  of  gravity,  G,  passes 

lit  the  cases  couEidercd,  llii:  posilion  or  lite  centre  of  gravity  re- 
mains tliD  Esmo  I'cr  the  name  boily.  Willi  men  aud  auimala  llio 
poeition  of  the  eentie  of  gravity  changes  wiLli  every  cliaiigc  of  otii- 
tude,  which  requires  a  proper  adjuslment  of  the  feet,  1 
position  of  stability. 


When  a  man  carries  a  burden,  as  shown  in  Fi?.  29,  he  leans  for. 
ward,  that  the  direction  of  his  own  weight  with  that  of  his  burden 
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may  pass  between  his  feet.  When  a  man  carries  a  weight  in  on^ 
hand,  as  shown  in  Fig.  30,  he  throws  his  body  toward  the  opposite 
side  for  the  same  reason. 

In  the  art  of  rope-dancing,  the  great  difficulty  consists  in  keeping 
the  centre  of  gravity  exactly  over  the  rope.  To  attain  this  result 
the  more  easily,  a  rope-dancer  carries  a  long  pole,  called  a  balancing 
pole,  and  when  he  feels  himself  inclining  towards  one  side,  he 'ad- 
vances his  pole  towards  the  other  side,  so  as  to  bring'  the  comnfioA 
centre  of  gravity,  over  th&  rope,  thus  preserving  his  eqnilibriui|i. 
The  jrope-dancer  is  in  a  conlinual  state  of  unstable  equilibrium.  ^    [ 

The  Balance. 

44.    A  Balance  is  a  machine  for  weighing  bodies. 

Balances  are  of  continual  use  in  commerce  and  the  arts, 
in  the  laboratory,  and  in  physical  researches;  they  are  con- 
sequently extremely  various  in  their  forms  and  modes  of 
construction.  We  shall  only  describe  that  form  which  is  in- 
most common  use  in  the  shops. 

It  consists  of  a  metallic  bar,  AJ3  (Fig.  31),  called  the 
3eam^  which  is  simply  a  lever  of  the  first  order.  ^At  its 
middle  pomt  is  a  knife-edged  axis,  w,  called  the  Fidcrum, 
The  fulcrum  projects  from  the  sides  of  the  beam,  and.  rests 
on  two  supports  at  the  top  of  a  firm  and  inflexible  standard* 
The  knife-edged  axis,  and  the  supports  on  which  it  rests,  are, 
both  of  hardened  steel,  and  nicely  polished,  in  order  to  make 
the  friction  as  small  as  possible.  At  the  extremities  of  the 
beam  are  suspended  two  plates  or  basins,  called  Scale  Pans^ 
in  one  of  which  is  placed  the  body  to  be  weighed,  Md  in 
the  other  the  weights  of  iron  or  brass  to  counterpoise  it. 
Finally,  a  needle  projecting  from  the  beam,  and  playing  in 
front  of  a  graduated  scale,  a,  serves  to  show  when  the  beam 
is  exactly  horizontal. 


Eoi^jilain  the  principle  of  rope-dancing.    (  44.)  What  is  a  balance  ?    Explain  the. 
cletails  of  tho  common  Balance.    The  Eeam.    The  Fulcrum.    The  Scale  Pans.    The 
jBeala 
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To  weigh  a  body,  ve  plnoj  it  in  one  of  the  scale  pans, 
md  then  jiut  weights  into  the  other  pan  until  the  beam 


becomes  horizontal.    Tho  iveights  put  in  the  second  pan 
indicato  the  weight  of  the  liody.i/" 


Soir  IN  bodies  vele^Edl 
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.  Requisites  for  a  good  Balance. 

?^ 

45.  A  good  balance  ought  to  satisfy  the  following  con- 
ditions : 

1.  The  lever  anns,  An  and  Bn^  should  be  exactly  equal. 

We  have  seen  in  discussing  the  lever,  that  its  arms  must  be  equal, 

order  that  there  may  be  an  equilibrium  between  tbe  power  and 

resistance,  when  these  are  equal.     If  the  arms  are  not  equal,  tbe 

weights  placed  in  one  scale  pan  will  not  indicate  the  exact  weight 

of  the  body  placed  in  the  other. 

2.  The  balance  should  be  sensitive;  that  is,  it  should  turn 
on  a  very  small  difference  of  weights  in  the  two  scale  pans. 

This  requires  the  fulcrum  and  its  supports  to  be  very  hard  and 
smooth,  so  as  to  produce  little  friction.  By  making  the  needle  long, 
a  slight  variation  from  the  horizontal  will  be  more  readily  per- 
ceived. 

3.  The  centre  of  gravity  of  the  beam  and  scale  pans 
should  be  slightly  below  the  edge  of  the  fulcrum. 

If  it  were  in  the  edge  of  the  fulcrum,  the  beam  would  not  come 
to  a  horizontal  position  when  the  scales  were  equally  loaded,  but 
would  remain  in  any  position  where  it  might  chance  to  be  placed. 
If  it  were  above  the  edge  of  the  fulcrum,  the  beam  would  remain 
horizontal  if  placed  so,  but  if  slightly  deflected,  it  would  tend  to 
overturn  by  the  action  of  the  weight  of  the  beam. 

The  nearer  the  centre  of  gravity  comes  to  the  edge  of 
the  fulcrum,  the  more  accurate  it  will  be  ;  but  at  the  same 
time,  it  would  turn  more  slowly,  and  might  finally  come  to 
turn  too  slowly  to  be  of  use  for  weighing. 

It  is  to  be  observed  that  when  the  scale  pans  are  heavily 
loaded,  an  increased  weight  is  thrown  on  the  fulcrum,  which 


(4S0)  Bxplaln  the  reqnLsitPS  of  a  good  balance.    1.  Lever  arms.     Jtttt^rat$, 
itatftirenest,    JUuHraU,    8.  Position  ot  ceiitx<8  ot  «tv;Vt^.    IttuiAraU. 
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cnnses  an  increase  of  friction,  and  consequently  a  diminu- 
tion of  sensitiveness. 

Methods  of  Testing  a  Balance. 

46.  To  see  whether  the  arms  are  of  equal  length,  let  n 
body  be  placed  in  one  scale  pan,  and  counterbalanced  by 
weights  put  in  the  other ;  then  change  places  with  the  body 
and  the  weights.  If  the  beam  remains  horizontal  after  this 
change,  the  arms  are  of  equal  length,  otherwise  the  balance 
is  false. 

To  test  the  sensitiveness,  load  the  balance  and  bring  the 
beam  to  a  horizontal  position,  then  deflect  it  slightly  by  a 
small  force  and  see  whether  it  returns  slowly  to  its  former 
position.  It  ought  to  come  to  a  state  of  rest  by  a  succes- 
sion of  oscillations. 

Method  of  weighing  coirectly  with  a  false  Balance. 

4'y.  To  weigh  a  body  with  a  false  balance,  place  it  in 
one  scale  pan  and  counterbalance  it  by  any  heavy  matter, 
as  shot  or  sand,  placed  in  the  other  pan.  Then  take  out 
the  body  and  replace  it  by  weights  which  will  exactly  re- 
store the  eqnilibrium  of  the  balance.  The  weights  will  be 
exactly  equal  to  the  weight  of  the  body.  The  reason  for 
this  method  is  apparent. 

Iiaws  of  falling  bodies. 

4S,  When  bodies  starting  from  a  state  of  rest  fall  freely 
in  vacuum,  that  is,  without  experiencing  any  resistance, 
they  conform  to  the  following  laws: 

1.  All  bodies  faU  equally  fast. 


<4G.)  How  is  ft  balance  to  be  t(>8ted?    (47.)  How  may  a\»A"s\>fe"«^\\gaa^wsf 
zwtJjrbjra  false  balance?   (48»)  Wh&t  ia  the  &rstlaw  ot  ta:i^\&f^\)0^«&1 
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'When  resiated  by  fhe  air,  bodies  whose  bulk  -ib  T«y  large  in  pr^- 
poTlion  to  tlieir  weight,  fall  more  slowly  than-  thoae  whose  bulk  ij 
small ;  thu.°,  a  soap-bubble  falls  more  slowly  than  a  bullet. 


2.  The  veiocides 
tional  to  tlie  times 


•.quired  during  t) 
fatling. 


■  faU  are  propor- 


A  body  acquires  a  velocity  of  32J  feet  in  oae  second ;  it  will 
therefore  acquire  a  velocity  of  64  J  feet  in  two  eeconds,  a  velocity  of ' 
'J6j  feet  in  three  seconds,  and  so  on. 


3.  The  spaces  passed  over  are 
of  the  times  occupied  in  faUinff. 

A  body  falls  from  rest  through 
16^  feet  in  one  second  ;  it  will 
therefore  fait  4  x  III^^,  or  64J.  in  two 
seconds,  9x16^,  or  U4J  feet,  in 
three  seconds,  Ifixie^'j,  or  257 J 
feet  in  four  seconds,  and  so  on. 

The  first  law  is  verified  by 
the  following  experiment,  A 
glass  tube,  six  feet  long  (Fig. 
S2),  is  elosed  at  one  end,  and 
at  the  other  it  haa  a  stop-cock, 
by  which  it  can  be  closed  or 
opened  at  pleasure.  A  small 
leaden  ball  and  a  feather  are  in- 
troduced within  the  tube.  So 
long  as  the  tube  is  full  of  air,  if 
it  be  suddenly  inverted,  it  will 
be  observed  that  the  ball  reach- 
es the  bottom  sooner  than  the 
feather.  If  now  the  air  be  ex- 
hausted   by  means  of  an  air- 


to  the  squares 


40^  l^atBui^trie  rttUtanct.    Whit  ta  ttB  »win4  Ww  I    lOvMratt.    lUld 
fc"-/  lUuttniit.    How  I»  the  flnt  Uw  yeiUedt 
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p^cuppy-'iiQd  the.  tube/ Buddeidy  ioTBrted,..hoth.vth<5  bail  and 
the  leather  will  be  seen  to  fall  through  the  length  of  the 
tube  in  the  same  time.  This  experiment,  besides  verifying 
the  law,  shows  also  that  the  air  offers  a  resistance,  which  is 
greater  for  light  than  for  heavy  bodies.  This  resistance  is 
proportional  to  the  sur£su;e  offered  to  the  direction  of  the 
fell.      . 

The  second  law  is  a  consequence  of  inertia  and  the  con- 
tinued action  of  giTivity.  The  velocity  generated  in  the 
first  second  is  to  be  added  to  that  generated  in  the  next 
second,  to  obtain  the  velocity  generated  in  two  seconds. 
This  must  be  twice  that  generated  in  the  first  second.  *  This 
again  must  be  added  to  that  generated  in  the  third  second, 
to  obtain  that  generated  in  three  seconds.  This  then  must 
be  three  times  that  generated  in  the  first  second,  and 
so  on. 

The  explanation  of  the  third  law  will  be  better  under- 
stood after  having  considered  the  nature  of  the  inclined 
plane,  which  is  discussed  in  th«  succeeding  articles. 

The  XncBned  Plane. 

49.  An  Inclined  Plane  is  a  plane  which  is  inclined  to 
a  horizontal  plane;  thus,  AB^  Fig.  33,  is  an  inclined  plane. 

When  a  body  rests  on  a  horizontal  plane,  as  for  example 
on  a  tabte,  the  action  of  gravity  tending  to  draw  it  dowii 
is  completely  counteracted  by  the  resistance  of  the  plane, 
and  it  remains  at  rest.  It  is  not  so,  however,  when  a  body 
is  placed  upon  an  inclined  plane.  In  this  case,  the  action  of 
gravity  may  be  resolved  into  two  components,  one  perpen- 
dicular to  the  plane,  and  the  other  parallel  to  it.  The 
action  of  the  first  component  is  counteracted  by  the  re- 
sistance of  the  plane,  whilst  the  second  component  causes 

What  other  principle  does  the  experiment  show?      "Ex^XaXn  Wvft  t^^auvl  cJl  ^* 
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the  body  to  move  down  the  plane.  Non-,  tliis  laat  force  is 
only  a  fraction  of  the  weight  of  the,  body,  ns  a  fourth,  a 
litlli,  or  a  fcixth,  according  to  the  inclination,  but  it  obeya 
the  same  laws  that  the  entire  force  would,  in  causing  a  body 
tofiiU. 

Terification  of  the  third  Xiaw  of  friH"g  Bodies. 

SO.  To  verify  the  third  law  of  falling  bodies,  wo  con- 
struct  a  plane  with  a  slight  inclination  and  divide  it  into 
100  equal  paits,  as  shown  in  Fig.  33.  We  then  ascertain 
by  sutceesive  trials  at  what  diviidoD  of  the  scale  a  leaden 


ball  must  be  plaeed  to  roll  to  the  bottom  A,  in  one  second ; 
suppose  at  tho  sixth  divltiion.  If  now  the  ball  be  placed  at 
the  twenty-fourth  division,  it  will  roll  to  the  bottom  in  two 
seconds ;  if  placed  at  the  fifty-fouith  division,  it  will  roll 
down  in  three  seconds ;  if  placed  at  the  ninety-d:cth  divi- 
sion, it  wilt  roll  down  in  four  seconds,  and  so  on. 

Hence,  wo  conclude  that,  t/te  spaces  passed  over  are  pro- 
portional to  t/te  squares  of  the  times. 
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Applioatioiu  of  the  Inollaad  Plana. 

31.  When  a  body  is  placed  upon  an  inclined  plunc,  lliat 
co:iiponent  oi"  ita  Aveight  which  acts  to  niovo  it  down  tlio 
p?.a:i3,  becotiiea  smaller  as  its  inclination  dirainiahea.  Hence, 
ihj  force  required  to  draw  a  body  up  an  inclined  plane, 
will  become  smaller  an  tlie  inclination  diminishes  This 
principle  ia  often  utilized  m  the  Aiti  thus  to  laise  a  heavy 
Itody  t3  a  lieiglit,  we  coastiuct  an  inclined  plane,  up  ^\hich 
it  m;iy  be  easily  drawn. 

It  is  in  accordance  with  this  principle  that  roads  are  con- 
structed to  ascend  high  hiU?  and  mountains  as  shoiin  in 
Fig,  34.     Such  a  road  cousiats  oi  a  sui^cession  of  planes 


lying  in  different  directions,  which  may  be  equally  or  un- 

o<nia',ly  incline'd  to  the  horizon. 


(51.)  WhKwUManofttelBiaiHdpUiwbithaAitit   EseUs  EU  ■ggUnUM 
8* 


5$ 
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It  is  according  to  the  principle  of  the  inclined  phine  that 
water  flows  along  rivers  and  canals.  The  steeper  the  in- 
clined planes  which  form  their  beds,  the  more  rapid  their 
currents. 

In  mechanics,  two  inclined  planes,  wound  about  a  cylin- 
der, constitute  the  screw ;  hence  the  principle  of  the  screw 
18  but  a  modification  of  that  of  the  inclined  plane.  The 
wedge  is  made  up  of  two  inclined  planes,  placed  back  to 
back ;  hence  its  principle  is  also  but  a  modification .  of  that 
of  the  inclined  plane. 

The  Pendulum. 


52.  A  PE^^)^TLUM  is  a  heavy  body  suspended  from  a 
horizontal  axis  about  which  it  is  free  to  vibrate.  Thus,  the 
ball  7n,  suspended  from  (7,  by  a  strmg,  Figs.  36  and  36,  is  a 
pendulum. 

When  the  centre  of  the  ball, 
m,  is  exactly  below  the  point 
of  suspension  C,  Fig.  35,  it  is 
in  equilibriunij  for  in  that  po- 
Bition  the  action  of  gravity  is 
resisted  by  the  tension  of  the 
string.  If,  however,  the  ball 
be  drawn  aside  to  n.  Fig.  36, 
it  is  no  longer  in  equilibrium, 
for  in  that  position  the  force 
of  gravity  acts  to  draw  it  back 
to  m,  at  which  point  it  will 
arrive  with  the  same  velocity  as  though  it  had  fallen  through  the 
vertical  height  om.  In  consequence  of  its  inertia  and  acquired 
velocity,  the  ball  does*  not  stop  at  m,  but  moves  *on  towards  p.  In 
descending  from  n  to  m,  the  force  of  gravity  acts  as  an  accelerating 


Fig.  85. 


Fig.  86 


Explain  tbo  flow  of  riverp.  What  is  the  screw?  What  is  the  wedge?  On  what 
<|>iitk«i^.da  lbejr:^t'?  ( 52.)  WhAt  is  a  Pemlulapi?.  Tfhap  cq^WfiS  V^  pendulum 
Af  vidraief  Moplain  the  action  in  detail*  ^ 


< '%  >.' 
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force,  bat  in  ascending  from  m  to  ;>,  it  acts  as  a  retarding  force, 
hence  the  baU  mo^'^s  slower  and  slower  till  it  reaches  f.  The  dis- 
tance iw^  would  be  rigorously  equal  to  /»»,  were  it  not  for  the  re- 
sistance of  the  air. 

The  ball,  having  reached  p,  is  in  the  same  state  as  it  was  at  n ; 
the  weight  again  acts  to  draw  it  back  to  iw,  whence,  by  virtue  of  its 
inertia  and  velocity,  it  again  rises  to  n^  and  so  on  indefinitely. 

This  backward  and  forward  motion  is  called  Oscillatory  Motion, 
A  single  excursion  from  n  to  f,  or  from  p  to  n,  is  called  a  Simple 
Oscillation,  or  Vibration,  An  excursion  from  n  to  p,  and  back  again 
to  n,  is  called  a  Double  Oscillation,  The  angle,  pCn-^  is  called  the 
angle  of  the  Amplitudt  of  the  oscillation. 

In  consequence  of  the  resistance  of  the  air,  the  amplitude  is  con- 
tinually  diminishing,  and  the  ball  eventually  comes  to  rest,  though 
often  not  till  after  tbe  lapse  of  some  hours. 

Simple  and  Compoimd  Pendulums. 

53.  A  Simple  Pendulum  is  such  a  pendulum  as  would 
be^  formed  by  suspending  a  single  material  point,  with  a 
string  destitute  of  weig!it^ 

Such  a  pendulum  may  exist  in  theory,  and  is  thus  useful  in 
arriving  at  the  laws  of  oseillation^  but  in  practice  it  can  only  be 
approxiinated  to  by  makiu^  the  ball  very  small  aAd  the  string  very 
fine. 

A  Compound  Pendulum  is  any  heavy  body  which  is  free 
to  oscillate  about  a  horizontal  axis. 

It  may  be  of  any  form,  but  in  general  it  consists  of  a  stem  T*, 
Fig.  38.  which  is  either  of  wood  or  metal.  The  stem  terminates 
above  in  a  thin  and  flexible  plate,  a,  usually  of  steel ;  it  terminal es 
below  in  a  disk  of  metal  L,  called  the  boh^  which  disk  is  of  a  len- 
ticular shape,  that  the  resistance  of  the  air^to  its  motion  may  be  as 
little  as  possible. 

What  U  OiciUan/  Motionf  Whc(t  is  an  Oscillation  or  Vif*ration  t  What  is 
UeAmplUudef  What  <^d5  hat  the  air  on  ribraUont  (63.)  What  ia  a  Simple 
BMidnloBir    1$  it  rsal  »r  ideal t    What  ia  a  Compound  Peadulam?    JE^spJaiit  iCt 
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Laws  of  Oaoillatiop  of  tho  Pandulnnu 

54.  The  oscillations  of  the  pendulum  take  place  in 
acccrclanco  with  the  followmg  laws : 

1 .  JPhr  jy^nxlulums  of  unequal  lengths^  the  times  of  oseUr 
hit  ion  are  proportional  to  the  square  i^oots  of  their  lengths, 

2.  JPor  the  same  pendulum^  tJie  time  of  oscillation  is  inde- 
poident  of  the  amplitude^  ]:>rovided  the  amplitude  be  small. 

.  ^or  pendulums  of  the  same  lengthy  the  time  of  osciUor 
tio7i  is  independent  of  the  nature  oft/ie  material. 

Pendulums  of  wood,  iron,  copper,  glass^  all  bcins  of  the  some 
length,  will  all  o.scillato  in  tlic  same  time. 

4.  JFhr  the  same  petidulum  at  different  places^  the  times 
of  osciUatio7i  are  inversely  as  the  square  roots  of  the  force 
of  gravity  at  those  places. 

These  laws  arc  deduced  from  a  course  of  mathcnriatical  reasouiog 
on  the  theoretical  simple  pendulum,  but  they  may  be  verific'd  export- 
mentally  by  employing  a  very  small  ball  of  platinum,  or  other  hetivy 
metal,  and  suspending  it  with  a  very  fine  silk  thread. 

To  verify  the  first  law  with  such  a  peudulum,  we  begin  by  makins^ 
it  vibrate,  and  then  counting  the  number  of  vibrations  in  one  minate. 
Suppose,  for  example,  that  it  makes  seventy-two  per  minute.  Now 
make  the  string  four  times  as  long  as  before,  and  it  will  be  found 
that  the  peniluUim  makes  only  thirty-six  oscillations  per  minute. 
If  the  string  is  made  nine  times  as  long  as  in  the  first  instance,  it'^'ill 
be  found  that  the  pendulum  makes  only  twenty-four  oscillations  per 
miiiuic.  and  so  on.  In  the  second  case  the  time  of  oscillation  is  twice 
as  gre.it.  and  in  the  third  case  it  is  three  times  as  great  as  in  ihefirvt 
c:i.-c.  N.>w,  because  two,  three,  &c.,  are  the  square  roots  of  four, 
niiic,  &:c  .  it  follows  tliat  the  law  is  verified. 

To  vsri.V  the  second  law,  let  the  same  pendulum  cscillate,  at  first 

(54. )  Whnt  U  iho  first  laxr  of  vibration  ?  Tlic  s-^cnnl  law  ?  Tho  thlnl  law  ?  JUu^ 
t.aif.  The  fuuith  law?  ffoto  are  Piefe  lawa  deduced t  Jlout  UVufir^lato 
^»er(/it>df  J/ow  in  t\4  second  law  vcrjJUdt  « 
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through  an  arc,  pi,  and  then  through  any  other  arc,  rg;  it  will  hd 
found  that  the  number  of  oscillations  per  minute  is  the  same  in  each 
case.  Hence  the  law  is  verified.  It  is  to  be  observed  tbat  tlie  law 
does  not  hold  true  unless  the  arcs,  jin  and  rg^  are  very  small,  that 
is,  not  more  tban  three  or  four  degrees. 

The  property  of  pendulums,  that  their  times  of  oscillation  are 
independent  o&tbe^ampiitude  of  vibration,  is  designated  by  the  name 
tjocA/'OTiism,  from  two  Greek  words  f^ignifying  cqmL  times;  oscilla- 
tions performed  in  equal  times  are  called  isochronal. 

Galileo  first  discovered  the  fact  that  small  oscillations  of  a  pen- 
dulum were  isochronal,  towards  the  end  of  the  sixteenth  century.  It 
is  stated  that  he  was  led  to  the  discovery  by  noticing  the  oscillations 
of  a  chandelier  suspended  from  the  ceiling  of  the  Cathedral  of  Pisa. 

4 

Applications  of  the  Pendulum. 

55.  On  account  of  the  isochronisni  of  its  vibrations,  the 
pendulum  has  been  applied  to  regulate  the  motion  of 
clocks.  It  w,as  first  used  for  this  purpose  in  1657,  by 
HuYGHENS,  a  Dutch  philosopher.  The  motive  power  of  a 
clock  is  sometimes  a  weight  acting  by  a  cord  wound  around 
a  drum,  and  sometimes  a  coiled  spring  similar  to  a  watch 
spring.  These  motors  act  to  set  a  train  of  wheel-work  in 
motion,  which  in  turn  imparts  motion  to^>rtie  hands  that 
move  round  the  dial  to  point  out  the  hour.  It  is  to  impart 
uniformity  of  motion  to  this  train  of  wheel-work  that  the 
pendulum  is  used. 

Fig.  38  shows  the  mechanism  by  means  of  which  the  pendulum 
acts  as  a  regulator.  A  toothed  wheel,  /?,  called  a  scape  wheel,  is 
connected  with  the  train  driven  by  the  motor,  and  this  scape  wheel  is 
checked  by  an  anchor,  mn,  which  is  attached  to  the  pendulum  and 
vibrates  wilh  it.  The  anchor  has  two  projecting  points,  m  and  n, 
called  pallets,  which  engage  alternately  with  the  teeth  of  the  scapo 
wheel,  in  such  a  manner  that  only  one  tooth  can  pass  at  each  swing 

Limitntion.  What  U  Uoch^onism  t  When  ar«  tiftraiions  Uf^ronal  t  Who 
din'ravered  ih*  pendulum^  cmd  vihent  (55*)  What  Is  the  principal  use  of  tho 
pondulam?    What  is  the  motor  in  a  elodc?   What  la  th»  aM  oC  1^  ^iu^N2kas&\ 
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af  the  pendulum.  The  motor  larns  the  ecape  wheel  in  the  d 
of  the  arrow  until  one  of  the  teeth  comeB  in  contact  with  the 
ffl,  whidi  Hlopa  the  motion  of  the  wheel-work 
till  ft  swing  of  the  pendulum  lifts  the  pallet,  m, 
from  between  the  two  teeth,  when  a  single 
tooth  pessce  and  tha  wheel-work  moves  on 
until  again  aireatBd  by  the  pallet,  n,  follJDg 
between  two  teeth  on  the  other  aide,  A. 
second  Rwing  of  the  pendulum  lifts  out  the 
pallet,  n,  sulTerB  another  tooth  to  pa«,  when 
the  wheel-work  la  again  arrested  by  the  pallet, 
m,  and  go  on  indefinitely.  The  bents  of  tha 
pendulum  being  isochronous,  the  Jnterral  of 
time  between  the  eonsecutivo  escape  of  two 
teeth  ia  always  constant,  and  thus  the  motion 
of  the  wheel-work  ia  kept  uniform.  The  loss 
of  force  which  the  pendulum  continually  ex- 
periences, is  supplied  by  the  motor  ^hrough 
the  scape  wheel  and  the  anchor.  This  is 
called  the  sustaining  power  of  the  pendulum. 
Owing  to  expansion  and  contraction  from 
variations  of  temperature,  the  length  of  the 
pendulum  varies,  and  according  to  the  first 
law,  its  time  of  vibration  changes.  In  nice 
clocks  this'change  is  compensated  by  a  com- 
bination of  metals.  In  common  clocks,  it  is 
rectified  hy  lengthening  or  Bhortening  the  pen- 
dulum by  a  nut  and  screw,  shown  at  «,  by 
means  of  which  the  lenticular  bob  may  bo 
moved  up  and  down.  In  summer  the  pendu- 
lum elongates  and  the  clock  lo^cs  time,  or  runs 
too  slow ;  this  is  rectifled  by  screwing  up  the 
nut  and  shortening  the  pendulum.  In  winter 
the  pendulum  contracts  and  the  clock  gains 
time:  this  is  rectified  by  unscrewing  the  nut 
and  lengthening  the  pendulum. 


WAat^fiotAoMtaiii 


u  of  timp*ralurt  on  U<  p 


^ttlt  comfet%mtVi  i»  nttit  clectt  T    Boa  to  eo 
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In  accordance  with  tbs  principle  enunciated  in  the  fourth  law,  tha 
pciidalum  has  been  luad  to  determine  the  intennity  of  gravily^at 
diSerent  points  on  the  earth's  Hurface.  Id  this  way  it  has  been 
ahowa  that  the  velocity  acquired  by  a  body  falling  in  racuum  for 
one  aacand,  is  32^  feet,  iu  the  latitude  of  the  city  of  New  York.  It 
has  been  found  by  careful  eiperimeut  that  the  length  of  a  pendulum 
Tibratinj  Booonds  in  New  York,  is  a  little  over  39  inches. 

The  length  of  the  seconds  pendulunL  at  any  place  being 
comtant,  it  has  been  taken  as  the  baaia  of  the  English 
system  of  weights  and  measures,  and  irom  the  English  we 
have  taken  our  own  system. 

The  pendnlmii  has 
been  successfully  em- 
ployed by  M.  Fou- 
Ciui-T,  a  French  phy- 
sicist of  our  own  day, 
to  demonstrate  the 
daily  rotation  of  our 
globe.  The  details 
of  his  experiment  are 
too  abstruse  to  bo 
given  in  this  place. 

Tha  Matronoma. 
S6.  The  Mehho- 
TuanE  is  a  sort  of 
pendulnm  employed 
by  musicians  and 
others  to  mark  equal 
intervals  of  time.  It 
is  shown  in  Fig.  39. 
It  consists  of  a  pen- 


Wlint  principle 
hody  fall  in  on«  a 
Jirt  T~  Applicatio 


able'  »»  lo  mfoetire  tht  Jbrte  of  ffrarity  t  Sow  far  doel  i 
Fmdt  What  is  ttt  lenfftX  qf  a  ttcondn  pfn4"ljim  it  Km 
towelghu  «H  BiBjiorBs?  What  ip^Ucatton  toA'Soinikm 
i7   (Se.)  WiillBsMettonoWol'  ;    '-•"  "-      ■■^.' 
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dulum  Ci?,  suspended  at  O,  A  weight,  -4,  slides  along  the 
rod  (7,  and  may  be  set  so  as  to  make  the  vibrations  as  slow 
or  as  rapid  as  may  be  desired.  The  instrument  is  set  by 
means  of  a  scale,  marked  on  the  rod,  so  that  any  number 
of  oscillations  may  be  made  in  a  minute.  The  pendulum  is 
sustained  by  a  coiled  spring  which  sets,  in  motion  a  train 
of  wheels,  somewhat  in  the  manner  of  a  clock.  In  the 
drawing  the  weight  is  set  at  92,  which  sho\vi9  that  it  is  to 
make  92  oscillations  per  minute. 

t 

IT.  —  PRINCIPLES    DEPENDENT    ON   MOLECVLAS    ACnOlT. 

Molecular  Foroes. 

5y.  Besides  the  forces  which  act  upon  bodies  from 
without  and  at  sensible  distances,  there  is  another  class  of 
forces  continually  exerted  between  the  molecules  of  bodies, 
and  acting  only  at  insensible  distances.  These  forces  aro 
called  MoUmlar  Forces^  and  are  both  attractive  and 
repdtent. 

The  molecules  of  bodies  are  held  in  equilibrium  by  these  forces, 
and  it  is  to  them  that  are  to  be  attributed  many  of  tho  most  im- 
portant physical  properties.  The  ultimate  particles  of  bodies  do  not 
touch  each  other,  being  kept  asunder  by  a  force  of  repulsion,  which 
we  have  said  is  in  general  duo  to  heat ;  they  are  prevented  from 
receding  from  each  other  too  far  by  a  force  of  attraction,  and  it«ig 
only  when  these  forces  just  balance  each  other  throughout  the  body, 
that  it  is  in  equilibrium. 

When  a  body  is  compressed,  the  foroes  of  repulsion  are  called  into 
play,  and,  acting  like  coiled  springs,  they  tend  to  restore  the  body 
to  its  primitive  form.  In  like  manner,  when  a  body  is  elongated,  or 
stretched,  the  forces  of  attraction  are  called  into  action  and  tend  to 
res'. ore  the  body  to  its  primitive  form. 

*■  ■        ■  ■  ■  I       ■  ■■■  I  ■  ■■  ,.      —      ■     ,1-    ■■_        .  I,       I  ■  .  ■■Ill  I  I  I  1   ■  iw^.— ^^— .^^^^^^ 

Describe  it  ( 57.)  What  are  Molecular  Forces  ?  IIow  divided  ?  How  are  nuU^. 
cttUshddinplaoet  7b  tohfttU  the  repMdiU  Ji^rod  due  f  JSxipial%  tk4  ^MUB  ^ 
comj^ummlm^  and  itrekkiUi(f  &odtoiL 


J  ^ 


HOLECULAB  ACnOST.  [  65 

Ooli68ioii« 

5§.  CoHESiox  is  the  force  of  attraction  wliich  holds 
the  molecules  of  the  same  body  together,  as,  for  example, 
in  a  mass  of  ii'on,  or  of  wood. 

Cohesion  differs  from  chemical  afRnity,  which  determines  the 
molecules  by  uniting  dissimilar  atoms  according  to  fixed  laws.  Chem- 
ical affinity  unites  atoms  of  carbon,  oxygen,  and  hydrogen,  to  form 
molecules  of  sugar ;  but  it  is  cohesion  that  unites  the  molecules  of 
sugar  into  a  solid  body. 

The  strength  of  bodies  depends  upon  cohesion.  When  a 
body  offers  a  strong  resistance  to  forces  tending  to  tear  it 
asunder,  it  is  said  to  be  tenacious ;'  for  example,  iron  or 
steel  wires,  and  the  like,  are  highly 'tenacious. 

Adhesion* 

59*  Adhesio^  is  the  force  of  attraction  which  holds  the 
molecules  of  dissimilar  bodies  together.  Thus,  it  is  adhe- 
sion which  causes  painl  and  glue  to  adhere  to  wood. 

If  two  polished  bodies  are  brought  *into  contact,  and  pressed  to- 
gether, tbey  will  adhere  with,  considerable 'forcfe.  If  two  plates  of 
glass  be  ground  so  as  to  fit  closely,  cmd  a  little  oil  be  interpcFcd,  it 
is  very  difficult  to  separate  them.  If  two  hemispheres  of  lead  be 
4>r6ssed  together^  after  having  their  plane  surfaces  well  polished, 
they  will  adhere  verj-  strongly. 

It  is  adhesion  which  renders  it  difficult  to  raise  a  wooden  board 
from  the  surface  of  the  water  on  which  it  floats.  It  is  also  adhesion 
between  the  particles  of  wood  and  water,  that  causes  water  to 
spread  over  a  piece  of  wood  upon  which  it  is  poured. 

Solution  is  due  to  adhesion.  Thus,  when  sugar  dissolves  in 
water,  it  is  because  the  adhesion  between  the  molecules  of  suuar 


(58*)  What  is  Cobeston?  Example.  Difference  "between  cohesion  and  cA«m- 
ical  affinity  t  lOmtrate,  When  it  a  body  tenacious  t  (590  What  U  k^\v^\«u> 
Example.   Eattplain  adh^Han  of  m^taUio  turfacta.    Of  board  ito  uater.    SxplaAjik 
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and  water  is  stronger  than  the  cohesion  between  the  molecules  of 
sugar.  If  a  liquid  tends  to  spread  itself  over  a  solid  body,  it  is  said 
to  wet  it,  as  water  upon  glass.  If  it  gathers  in  globules,  it  does  not 
wet  it,  as  quicksilver  upon  glass. 

OapiUary  Forces. 

60.  Capillary  Forces  arc  molecular  fofices,  exerted 
between  the  particles  of  a  solid  and  those  of  a  liquid.  They 
are  called  capillary,  because  their  effect  is  mostly  ob- 
served in  capiUary  tubes,  that  is,  tubes  of  the  diameter  of 
a  hair. 

The  following  are  some  of  the  phenomena  of  capillarity: 

1.  When  a  body  is  plunged  into  a  liquid  which  is  capable 
of  wetting  it,  as  when  a  glass  rod  is  plunged  into  water,  it 
is  observed  that  the  liquid  is  slightly  elevated  about  the 
body,  taking  a  concave  fovm,  as  shown  in  Fig.  40. 


Fig.  40. 


Fig.  41. 


Fig.  491 


2.  If  a  .hollow  tube  is  used  instead  of  a  rod,  the  liquid 
will  also  rise  in  the  tube,  as  shown  in  Fig.  41.  The  smaller 
tlie  bore  of  the  tube,  the  higher  will  the  liquid  rise,  and  the 
more  concave  will  be  its  upper  surface. 


(60.)  What  are  Capillary  Forcesl    'WYiy  eo  e&W«^^  '&.'s?(^i&!El  ^i^  v*> 
hsarred  when  a  glass  rod  is  plunged  in  wtttei.   "^Yieu  t^  \.\)K»«  A&  \^^2diS5^ 
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3.  When  a  tube  is  plunged  into  a  liquid  which  is  not 
cnpable  of  wetting  it,  as  When"  glass  is  plunged  into  quick- 
silver, the  liquid  is  depressed  both  on  the  outside  and  on 
the  inside,  taking  a  convex  surfiice,  as  shown  in  Fig.  42. 
The  smaller  the  tube,  the  greater  T\'ill  be  the  depression, 
and  the  more  convex  T\dll  be  the  upper  surface. 

These  oapillary  phenomena  are  due  to  the  resultant  anion 
of  the  cohesion  of  the  liquid  and  the  adhesion  of  the  so.i.l 
and  liquid.  When  the  former  predominates,  the  liquid  is 
depressed  in  the  tube.  When  the  latter  predominates,  the 
liquid  is  raised  in  the  tube. 

AppUoaUons  of  OapiUaxity. 

01»  It  is  in  consequMice  of  capillary  action  that  oil  is 
raised  through  the  wicks  of  lamps,  to  supply  the  flame  with 
combustible  matter.  The  fibres  of  the  wicks  leave  between 
them  a  species  of  capillary  tubes,  through  wliich  the  oil 
rises. 

If  a  piece  of  sugar  have  its  lower  end  dipped  in  water, 
the  water  will  rise  through  the  capillary  interstices  of  the 
sugar  and  fill  them.  This  drives  out  the  air  and  renders 
the  sugar  more  soluble  than  when  plunged  dry  into  water, 
in  which  case  the  contained  air  resists  the  absorption  oi 
water,  and  retards  soluti9n. 

.  If  a  bar  of  lead  be  bent  into  the  form  of  a  siphon,  and  the 
short  arm  be  cUpped  into  a  vessel  of  mercury,  the  mercury 
will  rise  into  the  lead  by  capillary  action,  and  flowing  over 
the  edge  of  the  vessel  will  descend  along  the  longer  branch 
and  escape  from  the  lower  extremity.  In  this  way  the 
vessel  may  be  slowly  emptied  of  the  quicksilver. 

Many  fluids  may  be  drawn  over  the  edges  of  the  contain- 
mg  vessels  by  a  siphon  of  caTidle-wicking  or  other  capillary 
Bubstance. 


When  a  i^mii  tobe  is  plunged  Into  mercury.    Ganses  of  the  phenomena.    (61.) 
Why  docs  on  rise  la  3  wiekt   Water  in  sugar?    Explain  loa&on  «&)gI^o^  ^EiS^^aiA. 
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62.  Absorption  is  the  penetration  into  a  porous  body, 
of  some  foreign  body,  whether  solid,  liquid,  or  gaseous. 

Carbon,  in  the  form  of  charcoal,  has  a  great  capacity,  for 
absorbing  gases.  If  a  burning  coal  be  introduced  into  a 
bell-glass,  filled  with  carbonic  acid,  collected  over  mercury, 
the  volume  of  the  gas  is  diminished  by  being  absorbed  by 
the  coal.  It  is  found  that  the  charcoal  absorbs  in  this  way 
thirty-five  times  its  own  volume  of  the  gas.  Charcoal  also 
absorbs  other  gases  in  even  still  greater  quantities. 

Spongy  platinum  absorbs  hydrogen  so  rapidly  as  to  heat 
the  platinum  red-hot. 

In  vegetables  and  animals  we  have  many  examples  of  ab- 
sorption. The  roots  of  plants  absorb  from  the  earth  the 
material  necessary  to  the  growth  of  the  stem  and  branches. 

In  the  animal  world,  absorption  plays  an  important  part 
in  the  process  of  nutrition  and  growth.  Animal  tissues  also 
absorb  solid  substances.  For  example,  workmen  engaged 
in  handling  lead  absorb  through  the  skin  and  lungs  more  or 
less  of  thb  substance,  which  often  gives  rise  to  very  serioiu 
diseases.  7 

Inibibitioii* 

es.  Imbibition  is  the  penetration  of  a  liquid  into  a  solid 
body. 

Imbibition  is  an  effect  of  capillarity,  for  the  interstices 
between  the  molecules,  by  communicating  with  each  other, 
foi-m  a  mass  of  capillary  tubes,  into  wiiich  the  liquid  pene- 
trates by  virtue  of  the  capillaiy  forces.  Such  is  the  cause 
of  wood  and  earth  absorbing  water  and  other  liquids.  If  a 
damp  substance  be  placed  in  a  dry  and  porous  vessel,  it 

( 620 'Wliat  is  Absorption  ?    'Framples.    Carbon.    Spon«rv  plfttinnnL    Vegetables, 
▲nlmols.    (  63.)  What  is  Imbibition?   What  ia  the  cause  of  imbibition?   Examples. 


will  groTv  drier^  whereas,  if  placed  in  a  vessel  which  has  no 
attraction  for  water,  it  will  remain  moist. 

When  vegetable  and  animal  substances  imbibe  water,  they  gener- 
ally augment  in  volume.  This  fact  explains  many  phenomena  of 
daily  observation. 

If  a  large  sheet  of  paper  be  moistened,  it  increases  in  size,  and 
again  contracts  when  dried.  This  property  is  employed  by  draughts- 
men  to  stretch  paper  on  boards.  The  paper  is  moistened,  and  after 
being  allowed  to  expand,  its  edges  are  glued  to  a  drawing-board; 
on  drying  it  is  stretched,  forming  a  smooth  surface  for  drawing  upon» 
The  same  property  causes  the  papering  of  rooms  to  peel  off  the  walls 
when  exposed  to  moisture. 

When  a  workman  would  bend  a  piece  of  wood,  he  dries  one  side 
and  moistens  the  other.  The  side  which  is  dried  contracts,  and  the 
opposite  side  expands,  so  that  the  piece  is  curved.  It  is  the  imbibi- 
tion of  moisture  that  causes  the  wood-work  of  houses,  furniture.  &c.. 
to  swell  and  shrink  with  atmospheric  changes,  and  which  necessi- 
tates their  being  painted  and  varnished.  Paints  and  varnishes,  by 
filling  the  pores,  prevent  imbibition. 

Imbibition  makes  ropes  swell  laterally,  and  thus,  by  increasing 
the  circumference  around  which  the  fibres  are  twisted,  the  ropes  are 
shortened.  This  shortening  takes  place  with  a  force  that  may  be 
employed  to  raise  heavy  weights.  On  the  same  principle  new  cloth 
shrinks  on  being  washed,  but  it  increases  in  thickness. 

It  is  related  that  Pope  Sixtus-Qcintus,  on  the  occasion  of  raiding 
an  obelisk,  which  he  had  caused  to  be  brought  from  Egypt,  issued 
an  order  that  no  one  of  the  crowd  should  ntter  a  word  during  the 
operation,  on  pain  of  death.  As  the  operation  was  on  the  point  of 
completion,  the  ropes  stretched  under  the  immense  tension,  and  a 
failure  was  threatened.  At  this  critical  juncture  the  architect 
Zapaglia  cried  out  from  the  crowd:  "Wet  the  ropes!"  It  was 
done,  and  the  obelisk  was  raised  to  its  pedestal. 


What  U  the  effhct  of  imbibition  t  On  paper?  Application,  JS^M  on  woodt 
JppUeaUon.  What  i«  the  ^ect  on  twisted  Jfbreet  On  ropet  t  On  new  cloth  t 
sdate  the  anecdote  qfPope  SizTrrB-QvxiiTva. 
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Y. — PROPERTIES  OF  SOLIDS  DEPENDENT  ON  MOLECULAR  ▲CTIOH. 

.  Texiacity. 

64.  Tenacity  is  the  resistance  which  a  body  offers  to 
rupture  when  subjected  to  a  force  of  traction ;  that  .i%  a 
force  which  tends  to  tei«r  the  particles  asunder.  ^"^ 

The  tenacity  of  a  body  mg-y  be  determined  in  pounds.  For  thic 
purpose  it  is  wrought  into  a  cylindrical  form,  having  a  giyen  erosB* 
section ;  its  upper  end  is  then  made  fast,  and  a  scale-pan  is  attached 
to  the  lower  end ;  weights  are  then  placed  in  the  pan  until  mptnrs 
takes  place.     These  weights  measure  the  tenacity  of  the  body. 

Metals  are  the  most  tenacious  of  bodies,  but  they  differ  greatiy 
from  each  other  in  this  respect.  The  following  table  exhibits  the 
weights  required  to  break  wires  of  -^f f^  of  an  inch  in  diameter, 
formed  of  the  metals  indicated : 

Iron 549  lb. 

Copper 302    " 

Platinum 274    " 

Silver 187    " 

Gold 150    " 

Lead '..     27    " 

It  has  been  shown  by  theory  and  confirmed  by  experiment,  that 
of  two  cylinders  of  equal  length  and  containing  the  same  amount  of 
material,  one  being  solid  and  the  other  hollow,  the  latter  is  the 
stronger. 

This  latter  principle  is  also  true  of  cylinders  required  to  support 
weight* ;  the  hollow  cylinder  is  better  adapted  to  resist  a  crushing 
force  than  the  solid  one  of  the  same  weight,  and  hence  it  is  that 
columns  and  pillars  for  the  support  of  buildings  are  made  hollow. 
This  principle  also  indicates  that  the  bones  and  quills  of  birds,  the 
stems  of  grasses  and  other  plants,  being  hollow,  are  best  adapted 
to  secure  a  combination  of  lightness  and  strength. 


(64)    What  is  Tenacity?    Haw  is  U  measured  f    What  bodies  are  mogHenO' 
"ioust  Examples,    What  is  the/orm  of  greatest  strength  f  AppUoaHan  to  grasses, 
*ittSf  hones,  dbc 
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65.  Haeditbss  is  the  resistance  which  a  body  offers  to 
being  scratched  or  worn  by  another.  Thus,  the  diamond 
scratches  all  other  bodies,  and  is  therefore  harder  than  any 
ot  them. 

After  the  diamond  come  the  sapphire,  the  ruby,  rock- 
crystal,  <&c.,  each  pf  which  is  scratched  by  the  .preceding 
one,  but  scratches  the  succeeding  one.  " 

Hardness  must  not  be  confounded  with  resistance,  to  shocks  or 
compression.  Glass,  diamond,  and  rock-crystal  are  much  harder 
than  iron,  brass,  and  the  like,  and  yet  they  are  less  capable  of  re- 
sisting shocks  and  forces  of  compression  ;  they  are  more  brittle. 

An  alloy  or  mixture  of  metals  is  generally  harder  than  the  sepa- 
rate metals  of  which  it  is  composed.  Thus,  gold  and  silver  are 
soft  metals,  and,  in  order  to  make  them  hard  enough  for  coins  and 
jewelry,  they  are  alloyed  with  a  small  portion  of  copper.  In  order 
to  render  block-tin  hard  enough  for  the  manufacture  of  domestic 
utensils,  it  is  alloyed  with  a  small  quantity  of  lead. 

The  property  of  hardness  is  utilized  in  the'  arts.  To  polish  bodies, 
powders  of  emery,  tripoli,  &c.,  are  used,  which  are  powders  of  very 
hard  minerals.  Diamond  being  the  hardest  of  all  bodies,  it  can  b« 
polished  only  by  means  of  its  own  powder.  Diamond-dust  is  the  most 
efficient  of  the  polishing  substances. 

Ductility. 

IM.  DucmLirY  is  the  property  of  being  drawn  out  into 
wires  by  forces  of  extension.  ^ 

Wax,  clay,  and  the  like,  are  so  tenacious,  that  they  can  easily  be 
flattened  by  forces  of  compression,  and  readily  wrought  between  the 
fingers.  Such  bodies  are  plastic.  Glass,  resins,  and  the  like  be- 
come   tenacious  only  when  heated.  Glass   at   high   temperatures  is 


m 

(65.)  What  Is  HardneBS?  What  l)ody  is  lisTclest?  What  bodies  come  next? 
What  are  brittle  lodieaf  What  is  the  ^ect  of  alloying  bodies  t  Explain  the 
operation  qfpoUshing  f  Haw  ia  the  diamond  polished  t  WJiat  is  the  bestpoHs/i" 
ing  wbskmeef   (66.)  What  is  Duclllity?    Give  toMmpUa  of  plastic  bodies  t 


/ 
/ 


72  FOPULAB  rnTsxcs. 


80  highly  ductile,  that  it  may  be  spun  i«to  fine  threads  and  woven 
into  fabrics.  Many  of  the  metals,  as  iron,  gold,  silver,  and  coppar, 
are  ductile  at  ordinary  temperatures,  and  are  capable  «f  bciug 
drawn  out  into  fine  wires,  by  means  of  wire-drawing  machines. 

The  following  metals  are  arranged  in  the  order  of  their  ductilily: 
platinum^  silver^  iroUj  copper ^  goldj  zinc,  tirij  lead. 

MalleabiUty. 

67.    Malleabilitt  is  the  property  of  being  flattened  or 
rolled  out  into  sheets,  by  forces  of  compression.       , 

This  property  often  augments  with  the  temperature ;  every  one 
knows  that  iron  is  more  easily  forged  when  hot  than  when  cold. 
Gold  is  highly  malleable  at  ordinary  temperatures.  Gold  is  reduced 
to  thin  sheets  by  being  rolled  out  into  plates  by  a  machine :  iliese  ' 
plates  are  cut  up  into  small  squares,  and  again  extended  by  ham* 
mering  until  they  become  extremely  thin.  They  are  then  cut  up 
again  into  squares,  and  hammered  between  membranes,  called  gold- 
beaters skins.  By  this  process  gold  may  be  wrought  into  loaves  so 
thin,  that  it  would  take  282.000,  placed  one  upon  another,  to  niaki  ^ 
an  inch  in  thickness.  These  leaves  are  employed  in  gilding  metals, 
woods,  paper,  and  the  like.  Silver  and  copper  are  wrought  in  the 
same  manner  as  gold. 

The  following  metals  are  amongst  the  most  malleable  under  Um 
hammer :  gold,  silver^  platinum,  iron,  tin,  zinc,  copper,  lead. 

When  metals  are  alloyed,  they  are  generally  harder   and  less 
malleable,  as  well  as  less  ductile.  M 

Is  gold  ductile  t  Whm  t  Gii>6  examples  of  ductile  metals.  (  G7.)  WMI  b 
Mftlleabllity  ?  JSJect  of  temperature  t  ITow  is  gold  formed  into  ehieU  f  What  it 
tJieorder  of  malUalilUy  of  metals  f   Effect  of  alloying,  ^ 
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CHAPTER    n. 

KECHANIOS       OF       LIQUIDS^. 
I.— OBNEEAL    PaiKCIPLES.        '  (J 

Definition  of  Hydrostatics  and  Hydzod3rnaiuic8. 

6S9.  The  Mechanics  of  Liquids  is  divided  into  two 
branches :  Hydrostatics,  which  treats  of  the  laws  of  equi- 
librium of  liquids,  and  Hydrodynamics,  which  treats  of  the 
laws  of  motion  of  liquids. 

Properties  of  Liquids. 
69.    The  following  properties  are  common  to  all  liquids: 

1.  The  molecules  of  liquids  are  extremely  movable, 
yielding  to  the  slightest  force. 

There  is  very  little  cohesion  between  the  molecules  of  liquids; 
whence  their  readiness  to  slide  amongst  each  other.  It  is  to  this 
principle  that  they  owe  their  fluidity. 

2.  Liquids  are  only  slightly  compressible. 

Liquids  are  so  slightly  compressible,  that  for  a  long  time  they 
were  regarded  as  absolutely  incompressible.  In  1823,  Erstkd  dc- 
raonstrated,  by  an  apparatus  which  he  contrived,  that  liquids  are 
slightly  compressible.  He  showed  that  for  a  pressure  of  one  at- 
mosphere, that  is,  of  1 5  lbs.  on  each  square  inch  of  surface,  water 
is  compressed  the  looVooo*^  ^^  ^^  original  volume.     Slight  as  is 

(  68.)  Define  Hydrostatics.     Hydrodynamics.     ( 69.)  Wliat  la  the  first  pn^rty 
efliqoidab    UhutrcU.   Second  proper^  ?    Ilhuiraie, 
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the  eomprcsEibilit;  of  water,  it  is  neverlheltMS  ten  limea  as  torn- 

prcBBible  OS  iiiereury. 

3.  Ijqiiids  are  porotts,  clastic,  and  impenetrable,  like 
other  bodies. 

That  liquids  are  porous,  haa  already  been  shown  (Art.  9).  That 
they  are  elaatio,  is  ahown  by  their  recovering  their  volume  after  the 
compreBsing  force  is  removed.  It  is  also  shown  by  the  foot  that  they 
transmit  sound.  Their  impenetrability  is  shown  by  plunging  a 
solid  body  into  a  vessel  filled  wilb  a  liquid.  If  there  ii  no  imbibi- 
tion, a  volume  of  water  will  flow  over  the  veeael  just  equal  to  that 
of  the  solid  introduced. 

TJpon  these  three  properties  of  liquids  dependa  their  prfr 
perty  of  transmittiDg  pressures  in  all  directions, 

TnuumUdon  d  FreasiireB^Piino^  of  FuoaL 


VO.  Let  a  bottle  be  filled 
■with  iratcr  and  corked,  as  re- 
presented in  Fig.  43.  If  the 
eork  be  pressed  inivards,  the 
pressure  will  be  transmitted  to 
the  moleuules  in  contact  with 
it;  these  molecules  will  in  their 
tnra  press  upon  the  neighbor- 
ing ones,  and  so  on  until  the 
pressure  is  finally  transmitted 
to  every  point  of  the  interior 
surface  cf  the  bottle. 

It  is  shown  by  experiment 
thnt  the  pressure  thns  'trans^ 
raitted  is  equal  to  that  applied 
to  the  cork ;  that  is,  the  pres- 
sure upon  each  square  inch  of 


Third  propw^J   IttaHnUe,   CJO-)  TTbat  is  tho  TrlndplB  of  P»cilf 
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the  intOTor  surfiice  of  the  vessel  is  equal  to  that  upon  a 
square  inch  of  the  cork.  ,  Tlie  pressure  is  eveiywhere  per- 
pendicular to  the  surface,  as  shown  by  the  arrow-heads. 

This  principle  is  called  the  Principle  of  Pascal^  because 
it  was  first  demonstrated  by  Blaise  Pascal  in  the  seven- 
teenth century.  Upon  it  depends  the  whole  theory  of  Hy- 
drostatics. 

Fressore  due  to  the  Weight  of  Xaqiiids. 

Vl,  If  a  cylindrical  vessel  is  filled  with  a  heavy  liquid, 
its  weight  produces  a  pressure  upon  the  walls  of  the  vessel. 
If  we  suppose  the  liquid  divided  into  horizontal  layers  of 
equal  thickness,  it  is  plain  that  the  second  layer  from  the 
top  supports  a  pressure  equal  to  the  weight  of  the  first, 
the  third  layer  supports  a  pressure  equal  to  the  w^eight  of 
the  second  and  first,  and  so  on  to  the  bottom.  Hence,  the 
pressure  upon  any  layer  is  proportional  to  its  depth  beloto 
the  upper  surface^  and  is  equal  to  the  weight  of  the  column 
of  fluid  above  it* 

In  consequence  of  the  principle  of  Pascal,  this  pressure  is 
transmitted  laterally,  and  acts  against  the  sides  of  the  vessel 
with  an  equal  intensity.  Hence,  ecery  part  of  the  surface 
is  pressed  with  a  force  equal  to  the  weight  of  a  column 
of  liquid  whose  base  is  tlie  surface  pressed^  and  whose 
Jieight  is  equal  to  the  distance  from,  that  surface  to  the 
upper  levd  of  the  fluid. 

The  same  principle  holds,  whatever  may  be  the  form  of 
the  vessel.  ]  - 


Why  80  called?  How  lllnstrated?  (Tl^  What  Is  tho  measure  of  the  pressure 
on  any  horizontal  layer  of  a  liqaid  ?  How  shown  ?  How  is  It  transmitted  ?  What 
preisore  la  exerted  on  the  sorface  of  a  containing  Tcseel  ? 
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laAtitH  FrNBurei — Beaotlon  WbeeL 

»a.  The  feet  tliat  liquids  exert  lateral  pressures  upon 
the  walls  of  vessels,  is  demonstrated  by  means  of  th( 
reaction  wheel.  This  wheel  is  shown  in  Fig.  41 ;  it  coumst) 
of  a  vertical  cylindrical 
tube  C,  turning  freely 
in  a  ring,  n,  near  its  up- 
per extremity,  and  rest- 
ing upon  a  pivot  at  its 
lower  extremity.  Just 
above  the  pivot,  the 
tabe  terminates  in  a 
cubical  box,  from  tha 
laces  of  which  project 
four  tubes,  having  their 
ends  curved,  as  shown 
in  the  figure.  Water 
is  supplied  from  a  cis- 
tern through  the  funnel 
D.  When  the  water  is 
admitted,  it  flows  down 
the  tube  C,  and  escap- 
ing through  the  curved 
tubes  at  the  bottom,  the 
wheel  is  turned  in  the 
direction  indicated  by 
the  arrow-head. 

The   reason  of  this  will' 
be  plain  from  a  considera- 
tion of  the  small  figure  ab,  wliich  is  a  plan  of  two  of  the  tii 
The  weight  of  the  water  causes  a  pressure  upon  A,  vrhicli,  i 
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a  cliMed,  irould  be  exactly  counterbulanced  by  the  pressure  upon 
it;  but  a  being  open,  Iha  pressura  upon  A  is  not  counterbalanced, 
but  ncU<  from  a  towards  A,  producing  rotary  motion.  The  preEsures 
ia  all  of  the  tubes  conspire  to  produce  rotation  in  the  same  directiou. 


Preunie  npnarda. 

78,  That  liquids  exert  a  pressure  upwards  is  demon- 
Btrated  by  meaoB  of  the  apparatus  shown  in  Fig.  46.  It 
consists  of  a  tube  of  glass, 
with  a  movable  disk,  a, 
ground  so  as  to  fit  the  bot- 
tom of  the  tube.  The  disk 
being  held  closely  ag^st 
fhe  tube  by  a  string,  ft,  the 
whole  is  plunged  into  a  ves- 
sel of  water.  In  this  state, 
-the  disk,  though  heavier 
than  water,  does  not  fell  to 
tbe  bottom,  shoiving  that  it 
is  held  in  place  by  an  up- 
ward pressure.  If  water 
now  be  poured  into  the 
tube    in   a   gentle    stream,  ,  , 

the  disk  will  adhere  till  the  latter  b  qUed  to  the  level  of 
the  fluid  on  the  outside.  This  shoi*^  that  the  upward 
pressure  is  equal  to  the  weight  of  a  column  of  water  whose 
base  is  that  of  the  tube,  and . whose  altitude  is  its  distance 
below  the  upper  surface  of  the  fluid. 

The  upward  prcESure  of  fluids  is  called  their  Buoyant  Effort.  It 
is  in  consequence  of  their  buoyant  effort  that  fluids  sustain  lighter 
bodies  on  their  Eurfnccs.  The  same  principle  causes  fluids  to  buoy 
up  bodies  of  all  kinds,  diminishing  the  weight  of  heavy  onee,  and 
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L  the  Bottom  of  a  Tauol  iadopandant  of  ita  Aap^ 
71.  Tho  pressure  on  the  bottom  of  a  vessel,  ari^g 
from  the  w(;ight  of  a  liquid,  is  entirely  independent  of  tb« 
shn\K  of  the  vessel,  as  well  as  of  the  quantity  of  liqdd 
wliich  it  contains.  It  depends  only  on  tbo  uzo  of  the  snr 
face  pressed,  and  its  distance  below  tho  upper  sor&oe  of  tbe 
liquid. 

Tills  principle  may  bo  dsraoiutrBted  by  meuu  of  aa  t 
shown  iu  Fig.  46.  Tbe  apparatus  conaista  of  a  tube,  o,  finn)y 
lached  to  tho  cover  of  a  elaas  vessel,  P,  By  means  of  &  Renir  jo 
difierest  shaped  veeseU,  A,  B,  C,  may  be  attached  to  the  l^per  i 


Fig  44 


of  the  tube.  A  iiii\i,  i,  of  ground  glitsa  Is  held  in  contact  with  Mm- 
lower  end  of  tho  tubo  by  a  string,  which  is  secured  mi  its  nppv 
extremity  to  an  arm  of  a  balance. 

'I'lie  vessel,  A,  is  screwed  on,  and  filled  with  water  until  tts 
ilawnward   pressure  exactly  counterpoises   &   given  weight  ia  flt 
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■cal^piU),  M,  when  tbe  upper  Burf^e  of  the  irater  it  marked  hy  a 

sliding   bead,   n.     The   other   veeiieU,  B  and  C,   are   BuocaisiTely 

Ecrewcd  on,  and  filled  with  water  up  (a 

the  level,  n ;  if  any  more  water  is  poured 

into  either,  the  downward  pressure  over- 

comeB  the  weight,  M.  and  the  water  c»- 

oapes  inlo  the  veasel,  P. 

This  principle  of  pressure  on  the 
bottom  of  vessels  is  sometimes  called 
the  Sydroatatia  Paradcfc  It  ia  so 
called,  because  fhc  same  pressurp 
may  be  obtained  by  uwag  very  dif- 
ferent quantities  of  the  same  liquid. 


'   j^'  PaacaTs  ExpeiineiA. 

7A.    The  roUowins  experiment  was 

r  ,-J.     made  by  Pascal,  in  1647.     Hefitlcdint^ 

P^      the  upper  head  of  a  strong  cask  a  tube  of 

^      small  diameter  and  ahout  thirty-four  feet 

-a^    in  length,   as  sho«-n  in  Fig.  47.      The 

cask  .being  filled  with  water,  he  succeeded 

in  bursting  it  by  pouring  a  comparatively 

small  quantity  of  water  into  the  tube 

In  this  c«se,  the  pressure  exerted  laiersUy 

was  tbe  same  as  though  the  tube  had 

been  throughout  of  the  same  diameter  as 

the  cask,  or  even  greater. 


BydnuUQ  Praaa. 

7B.  The  principle  of  equal  pressures  has  been  applied  in 
the  consti-uction  of  a  prere,  by  means  of  which  a  dngle  man 
may  exert  an  enormous  power,  /Thia  press  is  shown  in  per- 
spective JH  Fig.  48,  and  in  section  in  Fig.  49,  the  letters  in 
both  figures  corresponding  to  the  same  parts. 
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The  praei  coiuists  of  two  cylindeni,  A  and  B,  of  tiueqtial  di^iBfr 
ten.  In  the  crliudcr,  B,  is  a  solid  piston,  C,  which  rises  sa  the  water 
is  farced  into  S,  and  thUR  farces  up  a  platform,  K.  The  cylinder,  A, 
forms  the  barrel  of  a.  pump  by  means  of  which  nuler  is  raised  fow 
a  reservoir,  P,  and  forced  into  the  cylinder,  B.  This  pump  is  worktd  ' 
by  a  lover,  O,  attached  to  a  solid  pIsLoJi,  a.  When  the  pistoo,  a,  ii 
raised,  a  vaetium  ia  formed  behind  it,  which  is  filled  by  water  fraa 


the  reservoir,  F,  which  enters  by  opening  the  valve,  S.  When  tts 
piston  is  depressed,  tho  valve,  S,  closes,  the  valve,  m,  is  opened,  vd 
a  portion  of  the  water  is  forced  throush  the  pipe,  rf,  into  the  cylioder, 
B,  By  continuing  to  work  the  piston,  a,  up  and  dewn,  additionftl 
(liiantities  of  water  arc  forced  into  the  largo  cylinder, 

Zl4tcrib»  tit  prut  tn  deiaU.    BcplainitiactlaiL 
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In  mnseguonce  ol*  the  principle  of  rgUal  prcssares,  th«  foroB  applied 
to  the  piaton,  a,  is  trBHEinitted  through  the  tube,  d,  and  is  fiaally 
exerted  upwards  agaitiet  tha  pinton,  C,  its  effect  being  multiplied  by 
the  number  of  times  that  the  section  of  the  piston,  C,  is  greater  than 
tha^t  of  the  piston,  a.  For  example,  if  the  section  of  C  is  ISO  times  as 
great  as  that  of  a,  every  pound  of  pressure  on  the  latter  will  produce 
ISO  lbs.  of  pressure  on  the  former.  This  effect  is  further  multiplied 
by  moans  of  the  lever,  0.  Tho  preasura  exortad  upon  C,  forces  up  the 
platform,  K,with  an  energy  that  may  bo  utilized  in  compressing  any 
Eubstaneo  placed  botween  it  and  the  top  of  tho  press,  MiV.  This 
upward  pressure  may  also  be  used  for  raising  heavy  veights. 


Fls.m 


By  varyins  the  relative  dimensions  of  the  parts  of  the  machine,  an 
inimense  power  may  be  exerted.  In  the  arts,  presses  of  this  kind  are 
constructed  capable  of  exerting  a  force  of  more  than  a  hundred 
tfaausand  pounds. 

The  hydraulic  press  is  used  in  compre8.iing  seeds  to  obtain  oils,  in 
packing  bay,  cotton,  and  other  goods  for  shipment,  in  pressing  books 
for  the  binder,  and  in  a  great  variety  of  other  operations.  Tho 
immense  tub\ils£  bridgo  over  tho  Menai  Straits  was  raised  from  tha 
level  of  tho  water  lo  the  top  of  tho  piers  by  meanv  of  presses  of  this 

BluHrat*  U*  potMr  ly  annaamjiU.    Viae  or*  tt  MM  ' 


S6  POPUIAB  PHYSICS. 

in  the  order  of  thdr  densities,  the  heaviest  being  at  the 
bottom,  and  the  upper  siufiice  of 
each  will  be  horizoutal. 

This  is  BhowD  by  a  vial,  Fig.  S3, 
oouUiniag  tiquida  of  difiereat  deusiliM, 
aa  mercury,  water,  and  oil.  If  the  vial 
be  abaken,  the  liquids  appear  to  mii, 
but  if  allowed  to  stand,  they  arrange 
thentBelTeH  in  horizontnl  kycni,  the 
deuseGt  liquid  at  the  bottom. 

The  vial  in  the  figure  in  lepreaented 
aa  containing  four  liquida.  It  waa 
formerly  callad  the  vial  of  four  tit' 

It  is  in  accordance  with  this  princi- 
ple that  cream  rises  on  milk,  and  oil 
on  water.  The  principle  is  often 
employed  to  separata  liquids  of  dif- 
ferent density  by  the  process  of  decant- 
ation. 


r    EQUILmBTVM. 


The  Water  Zi«vaL 

SS.  A  Water  Lbvel  is  nn  iostrnment  employed  for 
determining  the  difference  of  level  between  two  points.  '  It 
consists  of  a  hoiizontal  tube  of  tin,  2^  or  3  feet  in  length, 
into  the  extremities  of  which  two  glass  tubes  arc  inserted 
perpendicular  to  it.  The  whole  rests  upon  a  three-legged 
support,  called  a  tripod,  as  shown  in  Fig.  64.  A  quantity 
of  water  tinged  with  carmine  or  other  coloring  matter  is 
introduced  into  one  of  the  glass  tubes,  which,  flowing 
through  the  hoiizontal  tube,  naes  to  the  same  level  in 
the  other.     A  visual  ray  directed  along  the  surfaces  of  tlie 
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ship  sailing  from  the  shore,  as  exhibited  in  Fig.  50.  As  the 
vessel  sails  away,  we  first  lose  sight  of  her  hull,  then  her 
lower  sails  disappear,  then  her  higher  sails,  until  at  last  the 
entire  vessel  is  lost  to  view. 


pendicular  to  the  direction  of  gravity ;  more  strictly  speaking,  it  18 
perpendicular  to- the  resultant  of  gravity  and  the  centrifugal  force  due 
to  the  earth's  rotation  on  its  axis.  Were  it  not  for  the  centrifugal 
force,  the. surface  of  the  ocean  would  be  perfectly  spherical,  but  in 
consequence  of  that  force,  it  is  ellipsoidal ;  that  is,  the  oceans  are 
elevated  about  the  equator  and  depressed  about  the  poles. 

The  general  level  of  the  ocean  is  called  the  true  level ;  a  horizon- 
tal plane  at  any  point  is  called  the  apparent  level. 

Bquilfbxlnin  of  Iiiqiilds  in  Oommiinicating  Vessels. 

70.    When  a  liquid  is  contained  in  vessels  which  com- 
municate with  each  other,  it  will  be  in  equilibrium  if  its 

ibsplain  the  ttffM  of  the  ewtrifuffol  fores  on  the  form  of  a  level  eurface.  What 
U  a  true  level  t  An  apparent  level  f  (  79. )  What  are  the  conditions  of  eqailibxiom 
in  commnnicating  Tcaaels  ? 
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upper  surface  in  all  of  the  vessels  is  ia  the  same  horissontal 
plane. 

This  principle  is  demonstrated  by  means  of  the  apparatus  repre- 
sented in  Fig.  51.  This  apparatus  consists  of  a  system  of  glass 
vessels  of  different  shapes  and  capacities,  all  of  which  communicate 
by  a  tube^  ac.i.  If  any  amount  of  water  or  other  liquid.be  uoored 
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that  its  upper  surface  in  all  of  the  vessels  is  in  the  same  horizontal 
plane.  The  reason  of  this  is,  obviously,  a  necessary  consequence  of 
the  principle  of  equal  pressures. 

Case  of  Vessels  containing   Liquids  of  di£ferent  Densities. 

§0.  When  liquids  of  different  densities  are  contained  in 
communicating  vessels,  they  will  be  in  equilibrium  when  the 
heights  of  the  columns  are  inversely  as  their  densities. 

This  principle  is  demonstrated  by  means  of  an  apparatus  shown  in 
Fig.  52.     The  apparatus  consists  of  two  glass  tubes.  A  and  B,  open 


JTiw  U  thU  dsmofMtraUd  t    (  80.)  What  aro  th«  conditions  of  oqullibrlnip  \n  tho 
oase  of  Uquids  of  dilforoDt  densiUeA  f   How  ia  tfUa  dsmonstrated  t 
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water  in  the  two  glnss  tubes  will  be  a  horizontal  line,  or.  a 
line  ofapparent  level.  The  uee  of  the  instrument  ia  evident 
fiomthe  figure. 


Tb«  Spitlt  laevel. 

88.  TheSpiniT  Level  coaaists  of  a  tube  of  glass  nearly 
filled  with  alcohol,  and  closed  at  its  two  extremities.  The 
tube  is  slightly  curved,  and  when  placed  horizontally,  the 


bubble  of  air  which  it  contdns  rises  to  the  middle  of  the 

upper  Mile  of  the  tube.     If  cither  end  be  depressed,  the 

(88.)  t>««rtt«>8{ililt]La*«L    Hir*  mounted f  < 
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bubble  runa  towarda  the  other  end.    When  nsed  it  is  ordi- 

Darily  mounted  iu  a  wooden  case. 

Tills  form  of  level  ia  much  used  by  miEons,  carpenters,  and  other 
arlLEans.  To  ascertain  whctlicr  a  surfnco  ia  IcTeJ,  tlio  iastrnment  ii 
laid  upon  it,  and  the  poaitiou  of  tho  bubble  noticed.  If  tho  bubble  ii 
in  tbo  middle  of  Iho  tube,  tho  nurfaec  ia  level. 

This  form  of  level  is  also  attached  to  many  kinds  of  Ennroying  wd 
aatrouomiool  iiutniraeuU. 


BpringB. — Fotmtftiua. — Riven. 

S4.  It  is  the  principle  of  equal  pressures  that  causes 
water  to  rise  in  springs  and  fountains.  The  water  which 
feeds  them  is  contained  iu  natural  or  artilidal  reserroits 
higher  than  the  spring  or  fountain.  These  reservoirs  com- 
municate with  the  springs  or  fountains  by  natural  or  arti- 
ficial channels,  and  tho   pressure   of  the  water  in  them 

Viaiarciltttmt   JfpUceUa**.   (84.)  WhuUkBpHisI   Fountalsr 
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causes  that  in  the  sprmg  or  fountain  to  boil  np,  or  sometimes 
to  shoot  up  in  a  jet. 

,"Fig.  56  represents  a  fountain  called  a  jet  (Teau.  The  reservoir  is 
on  the  hill  to  the  left,  and  the  water  reaches  the  bottom  of  the  basin 
by  a  pipe  represented  by  dotted  lines. 

The  'water  of  the  jet  tends  to  rise  to  the  level  of  that  in  the  reser- 
voir, and  would  do  so  were  it  not  for  the  resistance  of  the  air,  the 
friction  of  th^  water  against  the  pipe,  and  the  resistance  offered  by 
the  filing  particles^  all  of  which  combine  to  render  the  jet  lower 
than  the  fountain-head. 

The  same  principle  determines  the  flow  of  streams  from  the  higher 
to  the  lower  groimds.  The  water  of  lakes,  seas,  and  oceans  is  con- 
tinually evaporating  to  form  vapors  and  clouds.  These  are  condensed 
in  the  form  of  rain,  and  the  particles  of  water,  urged  by  their  own 
weight,  seek  a  lower  level.  The  rivulets  gather  to  form  brooks,  and 
these  unite  to  form  rivers,  by  which  the  water  is  once  more  returned 
to  the  oceans  and  lakes.  All  of  the  water  does  not  flow  back  to  the 
ocean  along  the  surface,  but  a  portion  percolates  through  the  porous 
soils  and  accumulates  in  cavities  to  feed  our  springs  and  wells. 


Artesian  Wells. 

85.  Aetesian  Wells  are  deep  wells,  formed  by  boring 
through  rocks  and  strata  of  various  kinds  of  earth  to  reach 
a  supply  of  water.  These  wells  are  named  from  the  province 
of  .^tois,  in  France,  where  they  were  first  used. 

Fig.  57  illustrates  the  principle  of  these  wells.  H  is  the  natural 
surface  of  the  earth.  AB  and  CD  are  curved  strata  of  clay  or 
rock  which  do  not  allow  of  the  percolation  of  water.  KK  is  an 
intermediate  stratum  of  sand  or  gravel,  which  permits  water  to 
penetrate  it.  When  a  hole.  /,  is  bored  down  to  strike  the  water- 
bearing stratum,  KK,  the  pressure  of  the  water  in  the  stratum  forces 
it  up  in  a  jet.     The  well  of  Grenello,  in  Paris,  is  nearly  1800  feet 


•  Earplain  fU  jet  oTsau  f  What  oantiM  the  flow  of  strenim  f  IToto  are  Viey  fed  f 
(85*)  What  are  Artosian  Wells?  EiDplain  tlteir  action t  How  deep  U  that  at 
PariMt 
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deep,  and  is  fed  by  water  coming  from  the  hills  of  Champagne,  which 
ars  much  higher  tbtui  Paris.     The  supply  of  water  from  this  well  is 


Many  Artesian  wells  hare  been  sunk  in  our  own  country. 


Frlnolple  of  Azohimodes. 

S6.    If  a  body  is  sabmerged  in  a  fluid,  it  mil  be  proasod 
in  all  directions,  but  not  equally. 

To  illiiBtratci,  suppose  &  cube 
imroersed  in  water,  as -shown  m 
Fig.  SS.  The  lateral  faaee,  a  and 
6,  will  be  equally  pressed  and  in 
oppiMtte  directions.  The  same  will 
be  true  for  the  other  lateral  faces. 
Hence,  the  horizontal  pressures  will 
exactly  neutralize  each  other.  The 
upper  and  lower  faces,  e  and  J,  will 
be  unequally  presfed,  and  in  oppo- 
EilB    directions.      The  face,   c,  will 
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be  preaaed  upwards  by  a  force  equal  to  tho  weight  of  a  column  of 

the  liquid  whose  cross-section  is  that  of  the  cube,  and  whoso  height 

is-  the  distance  of  c  from  the  surface  of  the  fluid.     The  face,  d,  will 

be  pressed  downwards  by  the  weight  of  a  column  of  the  liquid, 

ha 

the 

th< 

a 


A 
tn 


b   • 
c 
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Cylinder  and  Backet  Experiment. 

88*  The  principle  of  Archimedes  may  be  illustrated  by 
what  is  called  the  CyUndef  and  Bucket  Experiment^  as 
sbown  in  Fig.  59.  A  hollow  cylinder  or  bucket,  ^,  of 
brass,  is  attached  to  the  hook  of  one  of  the  scale  pans^  and 
from  it  is  suspended  a  solid  cylinder  of  brass,  just  larore 
enough  to  fill  the  bucket,  and  the  two  are  balanced  by 
weights  placed  in  the  opposite  scale  pan.     A  glass  vessel 


Enunciate  the  prlndplo  of  ABomMBDEA    ( 87)  What  is  a  Hydrostatic  Balance? 
JOsplain  iU  amvtrucUon.    ( 88.)  Explain  the  Cylinder  and  Backet  Experiment 
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having  been  placed  beneath  the  cylinder,  water  is  gradually 
poured  into  it,  until  the  cylinder  is  immersed.  The  oppo. 
site  scale  pan  will  descend,  showing  that  the  cylinder  !» 


buoyed  up  by  some  force.  It'  we  now  itn  rne  oncKei;,  o, 
with  water,  the  equilibrium  will  be  restored,  and  the  beam 
will  come  to  a  level.  Because  the  water  poured  into  the 
bucket  is  equal  to  that  displaced  by  the  cylinder,  we  infer 
that  the  buoyant  effort  is  exactly  equal  to  the  weight  of 
the  displaced  fluid. 

Thr*.  principle  of  Archimedes  is  so  called,  because  it  vrnn  first 
dipoovered  by  the  illusirioua  philosopher  of  that  name.  He  "wns  led 
to  the  discovery  in  an  attempt  to  detect  a  fraud,  perpetrated  upon 


Why  is  th*  principle  ofkKcmuzTtJA  90  caUdd  t 
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HiKRo  of  Syracuse,  by  a  goldsmith,  whom  he  had  employed  to  make 
a  goldea  crown.  The  artisan  mixed  a  portion  of  silver  with  the 
gold  that  was  given  him  for  making  the  crown,  but  by  means  of  the 
principle  above  explained,  Archimedes  was  able  to  determine  the 
r^acfc  amount  of  each  material  employed.  ^    A    . 

Floating  Bodies.— Principles  of  Flotation.     «• 

89.  When  a  body  is  plunged  into  a  liquid,  it  is  urged 
downward  by  its  proper  weight,  and  upward  by  the  biv>yant 
effort  of  the  liquid,  and,  according  to  the  relative  intensities 
of  these  two  forces,  three  cases  may  arise :  • 

1.  If  the  density  of  the  immersed  body  is  the  same  as 
that  of  the  liquid,  its  weight  will  be  equal  to  the  buoyant 
effort  of  the  liquid,  and  it  will  remain  in  equilibrium  wher- 
ever it  may  be  placed.  This  is  practically  the  case  with 
fishes.  Tliey  maintain  themselves  in  any  position  in  which 
they  may  happen  to  be,  without  effort, 

2.  If  the  density  of  the\body  is  -greater  than  that  of  the 
liquid,  its  weight  will  be  greater  than  the  buoyantr  effort, 
and  the  body  will  sink  to  the  bottom.  This  is  what  hap- 
pens when  a  stone  or  piece  df  iron  is  thrown  into  water.   . 

3.  If  the  density  of  the  body  is  less  than  that  of  the  liquid, 
its  weight  will  be  less  than  the  buoyant  effort,  and  the  body 
will  rise  to  the  surface.  The  body  wifi  continue  to  rise 
until  Ijhe  weight  of  the  displaced  liquid'  equals  that  of  the 
body,  when  it  will  come  to  rest.  It  is  then  said  to  float. 
Thus,  a  piece  of  wood  floats  upon  water,  and  in  like  manner 
a  piece  of  iron  floats  upon  mercury. 

When  a  floating  body  comes  to  rest  on  a  liquid,  the 
plane  of  the  upper  surface  of  the  liquid  is  called  the  Plane 
of  Flotation, 

Explain  the  method  of  its  discovery.    (  89-)  Whon  a  body  is  plunged  into  a  liquid, 
what  three  eases  may  arise  ?    Explain  the  first  caae.   Th9  seoond  caisii   Thft  third 
What  is  the  PImm  of  Flotatioar 
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1  bappona  that  a  body  whicb  i>  mere  dense  than  i 
liquid  floats  upon  it.  Thus,  a  porceLuo  saucer  Qoats  upon  water. 
This  arises  from  its  form  being  snch,  that  it  displaces  its  own  wei^ 
of  water,  when  only  partially  immeraed.  For  the  same  laaaoii  iroi 
ships  float  freely  on  the  ocean. 

^     Sliutration  of  the  Prlnolplei  of  Flotation. 

OO.  The  principles  of  flotation  may  be  illustrated  by  an  instrn- 
roent  shown  in  Fig.  60,  which  under  Tuious  forms  is  sold  in  the 
shops  as  a  child's  toy. 

In  the  form  shown,  it  consists  of 
a  high  and  narrow  glass  vcseel,  snr- 
monnted  by  a  brass  cylinder,  A,  in 
which  is  an  air-tight  piston  that 
may  be  raised  or  depres!:ed  by  the 
band.  The  vessel  is  partially  filled 
with  water,  and  contains  a  light 
body,  as  a  fish,  hollow  and  of  porce- 
lain or  gloss.  The  fish  is  attached  to 
a  sphere  of  glass,  m,  filled  with  air, 
and  with  a  small  hole,  o,  at  its 
lower  side,  through  which  water 
can  flow  in  or  out,  aa  the  pressuro 
is  increased  or  diminished. 

Under  ordinary  circum stances  the 
sphere,  m,  with  ils  attached  fish, 
floats  at  the  surrace  of  the  water. 
If  the  piston  is  depressed,  the  air 
ompressed,  and  acting 
r  forces  a  portion  of 
I  tho  globe.  The  apparatus* 
then  becomes  more  dense  than  the 
water,  and  sinks.  By  relieving  the 
pressure,  the  air  in  the  globe  expands  and  drives  the  w^ter  oat, 
when  it  again  floats  on  the  surface.  The  operation  may  be  repeated 
at  pleasure. 


beneath  i 
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given  volume  of  the  body  is,  than  an  equivalent  volume 
of  distilled  water  ai  [390.2  eJ  This  is  the  method  of  fixing  1^  •  ( 
the  specific  gravity  of  soUds  and  liquids ;  we  shall  see  here- 
after how  it  is  possible  to  fix  the  specific  gravity  of  gases 
and  vapors. 


Fig;  62. 


Speoifio  Gravity  of  Solids. 

94.  The  following  are  some  of  the  methods  of  determin- 
ing the  specific  gravities  of  solids : 

1.  By  the  Hijdrostatic  Balance, — Place  the  body  in  one 
of  the  scale  pans  and  balance  it  by  known  weights  in  the 
other  pan.    These  will  give  the  weight  of  the  body  in  air. 

(  04*)  Explain,  in  detail,  tbe  method  of  finding  the  specific  gravity  of  a  solid  by 
means  9f  the  hydrostatic  balance. 

5 


Next  siispciul  the  body  in  a  vessel  of  iTistilled  water  oy 
means  of  a  thread  or  wire  attached  to  one  of  the  scale  pang, 
as  shown  in  Fig.  G2,  and  balance  it  by  weights  placed  in  the  * 
other  pan.    On  account  of  the  buoyant  eftbrt  ot  the  water, 


it  were  required  to  dotenn'no  the  8i)ecifie  gravity  of  a  small 
bar  of  iron  weighing  less  than  500  grains. 

The  bar  is  placed  in  the  pan  and  weights  added  till  it 
sinks  to  the  notch  in  the  stem  as  shown  in  Fig.  64.  These 
weiglits,  subtracted  'from  500  grains,  give  the  weight  of  the 
bar  in  air.  Next  place  the  bar  in  the  cup,  f?,  as  shown  in 
Fig.  05,  and  add  weights  enough  to  make  the  instrument 
sink  again  to  the  notch  hi  the  stem.  The  last  weights 
will  denote  the  buoyant  elTort  of  the  fluid,  or  the  weight  of 
the  water  displaced  by  the  bar.  Divide  the  weight  of  the 
bar  in  air  by  the  weight  of  the  displaced  water,  and  the 

result  Avill  be  the  specific  gravity  sought. 

■ . 

'      > 

What  is  NichoIsoD*s  Ilydrometer  ?    How  used  for  determining  the  apedfio  grsvitj 
of  a  solid  ? 
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3.  Sy  a  flask. — ^Tbis  method  h  used  when  a  body  exists 
in  Sk  state  of  powder,  or  ic  fine  particlea  like  Band.  A  small 
flask,  whose  exact  weight  is  known,  is  first  filled  with  the 
powder  and  the  whole  carefully  weighed.  The  entirp  weight, 
diminished  by  that  of  the  fiaak,  is  the  weight  of  the  body. 


Fig.  6*. 


The  flask  is  then  filled  with  water  and  weighed.  This 
weight,  diminished  by  that  of  the  flask,  is  the  weight  of  an 
equivalent  volume  of  water,  pi  vide  the  weight  of  the  body  , 
by  that  of  its  equivalent  volume  of  wat^.And  the  result  will 
-^  the  specific  gravity  requii*d.  l---"''''^ 


BpJWe 


Qnvlty  of  Iiiqoid*. 


»S.    The  following  are  some  of  the  principal  methods  of 
dutcrmJning  the  specific  gravities  of  liqdds : 

1.  Sy  the  Hypostatic  Balance. — Select  a  heavy  body 
which  is  not  soluble  either  in  water  ov  in  the  liquid  whose 

SxptalB  ths  method  br  mum  of  a  fliak.    (96.)  Hon  Is  tb«  ipecmc  sreTitrofa 
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specific  fTa\-ity  is  t"  be  determined,  as,  for  example,  ft  ball 
of  platuiui>i.  Weigli  tliis  body  first  in  mr,  then  in  inter, 
and  finally  in  the  liquid  in  question.  Subtract  the  second 
and  third  weights  from  the  first  separately ;  the  remhi 
obtained  will  be  respectively  the  weights  of  a  volume  of 
water,  and  of  the  liquid,  equal  to  that  of  the  platinum  bilL 
Divide  the  latter  by  the  former,  and  the  quotient  will  be  tbi 
spedfic  grarity  required. 


2.  £f/  FahrenheiPa  Sydrometer. — Faoreshkit's  Htoto- 
uin'ER  consists  of  !i  glass  cylinder  ballasted  at  the  bottom  by 
a  small  globe  filled  with  mercury,  .ind  provided  at  top  with 
a  stem  and  scale  pan  as  shown  in  Fig.  60.  Its  weight  is 
carefully  dotemiinod. 

To  use  the  hydrometer,  it  is  first  plunged  into  distilled 
water,  and  weights  placed  in  the  scale  pan  till  it  sinks  to  the 
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notch  filed  on  the  stem.  These  weights,  increased  by  that 
of  the  instrument,  wiU  give  the  weight  of  the  displaced  water. 
The  instrument  is  next  plunged  into  the  liquid  in  question^ 
and  weights  are  placed  in  the  pan  tUl  the  mstrument  again 
sinks  to  the  notch.  These  weights,  added  to  that  of  the 
instrument,  give  the  weight  of  the  displaced  liquid.  Now 
the  volumes  displaced  are  the  same  in  both  cases,  each  being ' 
that  of  the  submerged  instrument ;  hence,  if  we  divide  the 
weight  of  the  displaced  liquid  by  that  of  th^i^isplaced  water, 
the  quotient  will  be  the  specific  gravity  reqmred. 

3.  By  tJie  flask. — ^A  flask  is  constructed  so  as  to  hold  a 
given  weight  of  distilled  water,  say  1000  grains.  This  flask 
is  first  weighed  when  empty,  and  then  when  filled  with  the 
liquid  in  question.  The  difference  of  these  results  is  the 
weight  of  the  liquid,  and  this,  divided  by  1000  grains,  wiU 
be  the  specific  gravity  required. 

The  specific  gravities  of  some  of  the  most  important  substances  are 
given  in  the  following  table : 

TABLE, 

SH0WIT7O   TUB   8PECIPIC    GEAVITIBS    OF   SOLIDS   AND    LIQUIDS. 


Platinum 22.07 

Gold 19.34 

Lead 11.35 

Silver 10.47 

Iron 7.79 

Zinc '. 7.00 

Diamond   3.53 

White  Marble 2.84 

Glass 2.49 


Ivory 


1.92 


Mercury    13.6O 

Sulphuric  Acid 1 .84 

Milk 1.03 

Sea  Water  ., 1.03 

Distilled  Water I.OO 

Bordeaux  Wine 0.99 

Olive  Oil 0.91 

Spirits  of  Turpentine  . .  0.87 

Absolute  Alcohol 0.79 

Ordinary  Ether 0.71 


It  will  be  seen  that  platinum  is  the   heaviest  solid,  and  that 
mercury  is  the  heaviest  liquid. 


How  is  the  speciao  pravify  of  a  liquid  determined  by  means  of  a  flask  ?    Which  i$ 
fheheavisti&oUdt   Liquid  t 
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A  knowledge  of  the  speciflo  graTities  of  bodiea  is  of  TreqceDt 
Application.  In  miaemlogy  it  aids  in  determining  mineral  ipeciei, 
Tlie  jeweller  determines  by  il«  aid  tho  preeious  stoiiea.     It  eiublei 

ua  to  find  the  weight  of  a  body  when  we  know  ila  roltiniB.  Tlius,  a 
cubic  foot  of  iron  weighs  11.35  tipies  as  mucb  as  a  cubic  foot  of 
water  ;  but  a  cubic  foot  of  water  weighs  lOOO  ounces,  bence  a  etilnc 
foot  of  iron  weighs  11,350  ouuc«s,  or  about  709  lbs. 


Boaame'B  Anomotwr. 

96.  BEAOTife's  Areo^iktkb  con^ts  of  s  bulb  of  glass, 
ballasted  at  bottom  by  a  second  bulb  contMning  mercury, 
and  tenninating  at  top  in  a  eyliudcr  of  nnifbrm  d' 
shown  in  Fig.  67. 

When  plunged  into  liquids,  it 
sinks  till  the  weight  of  the  dis- 
placed fluid  equals  that  of  the 
areometer.  In  light  fluids  it  there- 
fore siuks  deeper  than  in  heavy 


The  plan  of  graduating  Beadsik'S 
areometer  is  as  foUoiva.  It  is  bal- 
lasted  so  th.1t  in  distilled  water 
.it  will  sink  to  the  point  a,  on  the 
stem,  which  is  marked  0,  A  mix- 
ture of  salt  and  pure  water  is  then 
formed,  in  the  proportion  of  15  of 
the  former  to  85  of  the  latter,  into 
which  the  iusti-ument  is  plunged.  Pig.  w. 

The  upper  surface   then  cuts  the 

stem  at  some  point,  c,  which  is  marked  15.  The  interme- 
diate space  between  a  aiid  c,  is  divided  into  15  equal  parts, 
and  the  division  is  continued  downwards  on  the  stem.  Tlio 
divisions  andnumbers  are  on  a  slip  of  paper  in  the  interior 
of  the  stem. 
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The  use  of  the  instrument  thus  graduated  is  to  ascertain 
the  amount  of  salt  in  any  solution  of  salt  in  water-  It  is 
plunged  into  the  solution  in  question,  and  the  number  to 
which  it  sinks,  denotes  the  per-centage  of  salt  in  the  solu- 
tion. , 

t 

Instruments  constructed  on  this  principle  have  been  devised  for 
determining  the  strength  of  other  solutions,  whether  of  acids  or 
salts.  Also  for  determining  the  strength  of  saccharine  solutions  and 
the  like. 


The  Alcoholometer. 


X 

97.  The  Alcoholometer  is  similar  in  its  construction  to 
the  areometer  just  described-  It  is  graduated  so  as  to  show 
the  percentage  of  alcohol  im-.'^any  mixture  of  alcohol  and 
water. 

•The  instrument  is  firet  ballasted  so 
that  when  plunged  in  pure  water  it  will 
float  with  nearly  all  of  its  stem  above 
the  water.  The  line  of  flotation  is 
marked  0.  Mixtures  are  then  formed, 
containing  1,  2,  3, 4fcc.,  per  cent,  of  pure 
alcohol  and  watei*,  and  the  instrument 
is  plunged  into  them  in  succession.  The 
lines  of  flotation  are  marked  1,  2,  3,  Ac, 
as  in  the  instrument  previously.  In  this 
case  the  numbei-s  run  upwards.  It  is 
necessary  to  graduate  it  throughout  by 
tiial,  as  the  divisions  are  not  uniform. 

To  use  the  instrument,  it  is  plunged 
into  the  solution  -of  alcohol  in  water  to  be  tested,  and  the 
per-centage  is  read  off  on  the  paper  scale  within  the  tube,  or 
else  tl)e  scale  is  scratched  upon  the  stem  with  a  diamond. 


Fig.£S. 


What  is  its  nse  ?    How  ased  ?    What  otIierlnstniraeBts  arc  ennstraetod  on  tho  same 
primdple  1    (97*)  Besctibe  the  Alcobolometec    Uow  is  it  gradootcdf    Uovr  lumd  7 
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The  Laotometer. 

98.    The  Lactometer  is  entirely  analagous  in  principle 
1  o  Beaume's  areometer,  and  is  used  to  determine  the  purity 
of  milk.   The  instrument,  and 
the  method  of  using  it,  are 
sho\^Ti  in  Fig.  6,9. 

It  is  graduated  by  trial, 
using  mixtures  of  milk  and  * 
water.  In  the  first  trial  pure 
water  is  used,  then  mixtures 
containing  10,  20,  30,  40,  &c., 
per  cent,  of  milk.    The  scale  ^^'  *' 

is  therefore  divided  into  10  parts,  between  pure  water  and 
pure  milk. 


(  98 •)  What  is  a  Lactomotor  ?    Uow  gxadaated  and  used? 


V 


■•''*>-' 


\.  .  *w.  ,  .       •     "  • 


w    .       »,  ■--  * 


QHAPTE^ 

MEOHANIOS      OF      OASES      AND      VAP0E8 


I. — THE    ATMOSPHERE. 

General  Properties  of  Gases  and  Vapors. 

99,  Gases  and  Vapoes  have  been  defined  to  be  highly 
compressible  fluids.  C 

The  distinction  between  a  gas  and  a  vapor,  is  not  very  clear. 
When  a  body  in  a  .gaseous  form  can,  by  moderate  pressure,  be  re- 
duced to  a  liquid  form,  it  is  usually  called  a  vapor.  For  most  of 
the  purposes  of  Physics  the  distinction  is  unimportant. 

Besides  the  proi)erty  of  compressibility,  or  rather  as  a 
consequence  of  it,  gases  anil  vapors  continually  tend  to 
expand  so  as  to  occupy  a  greater  space.  The  force  which 
they  exert  in  this  Way,  is  called  their  Tefision^  or  their 
Elastic  Force. 

Thirty- four  gases  are  known,  thirty  of  which  are  compound,  and 
four  are  simple.  The  !b«r  simple  gases  Bire^^oxygerij  hydrogen^  m- 
trogen^  and  chlorine.  Most  of  the  g^es  are  colorless,  but  some  are 
not  so.  ^  ' 

Of  the  thirty-four  gases,  all  but  five  have  been  liquefied  by  pres- 
sure, and  the  application  of  cold.  Til?  five  that  have  thus  far  re- 
sisted are,  oxygen,  hydrogen^  nitrogen ,  deiUoxyde  of  nitrogen^  and 
carbonic  oxyde.  ^  ,    \\ 


(99.)  What  are  Gases  and  Vajwrs?  What^^U  the  diferenes  he^ween  themt 
What  Is  meant  by  Tension?  JTow  many  known  ffom  wrt  th^et  WMeh  ar^ 
uimpUf    Which  have  not  been  Uqwjledf 

5* 
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DeioriptiMi  of  the  Atmosphere. 

100.  The  air  we  breathe  is  a  mixture  of  oxygen  and 
nitrogen^  with  a  slight  quantity  of  carbonic  actd^  watery 
vapor^  and  some  accidental  impurities.  The  oxygen  and 
nitrogen  are  mixed  in  the  proportion  of  21  to  79. 

The  oxygen  pf  the  air  supports  Ufe  and  combustion ;  without  it, 
neither  could  long  exist.  The  nitrogen  serves  to -dilute  it.  Were 
the  air  composed  entirely  of  ox^'gen, bodies  wOuld  bum  with  too 
much  rapidity,  even  many  of  the  metals  would  be  consumed.  Ani- 
mal life,  too,  would  soon  be  exhausted  by  overaction  in  such  an 
atmosphere. 

The  atmosphere  is  transparent,  without  odor,  and  color- 
less, except  when  seen  in  masses.  In  masses,  it  assumes  a 
blue  tint,  and  it  is  this  which  causes  the  sky  to  take  a  blue 
color. 

Without  an  atmosphere,  the  celestial  vault  would  appear  perfipctly 
black  ]  in  ascending  high  mountains,  the  sky  gradually  .loees  its 
blueness,  and  approaches  a  hue  of  black;  this  is  because  the  masi 
of  air  above  the  observer  rapidly  diminishes  as  we  ascend. 

The  air,  by  virtue  of  its  elasticity,  serves  as  a  medium 
for  the  transmission  of  sound ;  it  also  sei*ves  as  a  means  of 
transporting  the  vapors  of  oceans  and  lakes  to  fall  upon  the 
land  m  the  form  of  rain,  snow,  and  the 'like.  >^ 

Sxpansive  Force  of  Air. 

-^ 

101.  Air,  like  simple  gases,  always  tends  to  assume  a 

greater  volume. 

To  show  this  property,  take  a  bladder  fitted  with  a  stop-cock,  as 
shown  in  Fig.  70.  Having  moistened  the  bladder  to  make  it  more 
flexible,  open  the  cock,  squeeze  out  most  of  the  air,  and  then  close  it. 

(100.)  Describe  the  composition  of  the  atmosphere.  Whai  U  the  vm  of  the 
oaygen  t  Of  the  nitrogen  f  What  is  the  color  of  air  ?  What  ^ect  has  the  air  on 
celestial  appearances  t  Mention  some  of  the  nscA  of  the  atmosphere.  (101*)  Bow 
it  the  eoBpansioe  force  tfairehownP 


y 


thu  A.TiioseasRit 


Place  the  nearly  empty  bladder  under  llie  receiver  of  an  I 


A»  the  a[r  tefoniee  r 

U>  expand,  Ehowiiig  that  the  air  within  it  U 
way,  it  may  1m  shown  that  any  gas  ia 


Fie.m 


Wel^t  of  Air. 

109*     Air,  like  other  bodies,  lias  weight. 

To  show  this,  lake  a  hollow  globe  of  glaas,  fitted  with  a  stop-cocV, 
■a  Bbown  in  Fig.  71.  Having  attached  it  to  one  scale  pan  of  a  deli- 
cate  balance,  counterpoise  it  by  weights  placed  in  the  other.  Then 
by  ineaua  of  the  air-pump  eth'aiwt  the  air  from  the  globe ;  the  oppo- 
site scale  pan  will  descend,  and  some  weights  will  have  lo  be  added 


( lOZ.)  Soa  it  U  (Jtsun  OatatrJLiM  (M<pU 


lOS  tofuulr  pnysicft. 

to  the  Arst  scale  pan  to  restore  the  equilibriam.    The  weights  added 
will  iiidicate  the  weight  of  the  exhausted  air. 


^ 


Ooxnpoaition  of  the  Atmosphere. 

103.  It  has  teen  stated  that  our  atmosphere  is  com- 
posed principally  of  oxj'gen  and  nitrogen,  -vrith  small  quanti- 
ties of  carbonic  acid  and  watery  vapor. 

The  amount  of  watery  vapor  depends  upon  the  place,  the 
season,  the  temperature,  and  the  direction  of  the  wind; 
under  all  circumstances  it  forms  but  a  small  per-centage  of 
the  entire  atmosphere. 

The  carbonic  acid  in  the  atmosphere  arises  in  a  great 
measure  from  respiration  and  combustion.  A  continual 
supply  of  this  gas  is  alTorded  by  volcanoes.  On  the  other 
hand,  it  is  being  continually  taken  up  in  the  process  of  veg^ 
tation.  Plants  continually  absorb  it,  appropriating  the  car- 
bon, and  giving  off  tlie  oxygen  which  it  contains.  Another 
cause  of  diminution  in  the  amount  of  earbonio  acid  in  Xhe 
air,  is  absorption  by  the  water  of  our  streams.  Water  ab- 
sorbs large  quantities  of  it,  which  thus  becomes  the  means 
of  dissolving  earthy  matters,  and  eventually  of  caiudiig  cal- 
careous deposits. 

It  is  the  result  of  observation,  that  the  supply  and  loss 
are  very  nearly  balanced,  so  that  the  per-centage  of  carbonic 
acid  in  the  atmosphere  remains  nearly  constant.  It  amounts 
to  about  a  tliousandth  part  of  the  entire  atmosphere. 

Atmospheric  Pressure. 

104.  The  atmosphere,  by  virtue  of  its  weight,  exerts  a 
force  of  pressure  upon  the  surface  of  the  earth  as  well  as 
upon  every  object  with  which  it  is  in  contact.     This  force 

is  called  the  Atmos2yheric  Pressure, 

. _____ ■ 

(103)  Upon  what  circumstances  does  the  watery  vapor  in  the  air  depcn;!? 
Whence  Is  carbonic  acid  supplied  ?    What  becomes  of  the  excess  of  carbonic  acid  ? 
How  do  the  supply  and  loss  compare?    What  is  the  amount  in  the  atmosphere? 
1 04.)  What  is  the  Atmospheric  Prcssore  i 
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fhis  pressure  decreases  as  we  asoend  into  the  atiii05- 
phere. 

If  we  suppose  the  atmosphere  to  be  divided  into  layers  parallel  to 
the  sarface  of  the  earth,  it  is  evident  that  each  layer  is  preBsed  down 
hy  the  weight  of  all  above  it.  Hence,  the  higher  layers  are  lesa 
compressed  tiian  thoao  below  them.  Being  less  compressed,  they 
expand,  or  become  rarefied.  The  existence  of  atmospheric  pressure 
may  be  shoyni  by  a  variety  of  «zperiinents,  some  of  which  -will  b« 
ezpiuned  below. 


'       lOS.    A  glass  cylinder,  opea  at  both  ends,  has  its  upper  end 
covered  by  a  stretched  membrane,  such   as  is  used  by  gold-beaters, 


110 
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and  its  lower  end  Lb  ground  so  as  to  fit  the  plate  of  on  air-pnmp;  at 
shown  in  Fig.  72. 

In  its  natural  condition,  tho  membrane  is  pressed  down  by  the 
weight  of  tho  atmosphere  above  if^  and  this  pressure  is  resisted  by 
tho  tension  of  the  air  within  the  cylinder.  If  now  the  air  be  ex- 
hausted from  the  cylinder,  tlio  membrane  will'  no  longer  be  pressed 
from  within,  and  will  finally  burst  with  a  loud  report. 

The  bursting  of  the  membrane  shows  tho  pressure  of  the  afr.  The 
report  arises  from  tho  sudden  rush  of  air  to  fill  up  the  ezbansted 
cylinder.  .  . 

The  Magdebozg  Bemispheree. 

106*  This  apparatus,  named  from  the  city  where  it  was  in- 
vented, consists  of  two  hollow  hemispheres  of 
brass,  which  are  ground  so  as  to  fit  eacii  other 
with  an  air-tight  joint.  The  hemispheres  are 
shown  in  Fig.  73.  One  of  them  is  so  prepared 
that  it  can  bo  attached  to  an  air-pump,  and  is 
provided  with  a  stop-cock,  by  means  of  which 
a  communication  with  the  external  air  can  be 
opened  or  closed  at  pleasure. 

The  two  hemispheres  being  placed  one  upon 
the  other,  the  pressure  of  the  external  air  is 
exactly  counterbalanced  by  the  tension  of  that 
within,  and  no  obstacle  prevents  them  from 
being  drawn  apart.     If,  however,  the  air  be 
exhausted  from  within,  the  external  pressure 
is  no  longer   counteracted   by  an  expansive 
force  from  within,  and  it  requires  a  conrfider- 
able  effort  to  effect  their  separation,  as  shown  in  Fig.  74.     We  shall 
see  hereafter  that  the  hemispheres  are  pressed  together  by  a  force 
equal  to  15  lbs.,  multiplied  by  the  number  of  square  inches  in  their 
common  cross  section. 


Fig  78. 


Wmt  causes  the  "bursting  t    77ie  report  t    (106)  What  are  the  JUagdebourg 
Uemispheres  t   Describe  the  experiment,  and  explain  If, 
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Fig.  Jl. 

The  etperimBiit  WM  dovisBd  by  OttotonGderickf,  of  Magde- 
bDurg.  He  conslructed  two  liemiBpheres  morB  than  two  feel  in 
diameter,  and  aRer  having  exhausted. tho  air,  it  is  reported  that 
it  required  several  borsea  to  draw  them  asunder. 


TmltielUan  Tabe.— Measnre  of  the  AtmMpherio  Pressore. 

10*.  The  preceding  experiments  show  that  the  atmos- 
phere exerts  a  force  of  pressure;  the  intensity  of  that  force 
may  be  measured  hj  other  meana. 

ToRRicELLi,  a  pupil  of  Galileo,  showed  in  1643,  that  thia 
pressure  amounts  to  about  15  lbs.  on  each  aquai'e  inch  of 
Burface,  at  the  level  of  the  sea. 
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In  order  to  repe&t  Tohricelli']j  eipBrimant,  tske  a 
about  three  feet  in  length,  closed  «t  ono  end  ud  open  a) 
Turning  the  cloeed  end  downwardfl, 
let  it  be  filled  with  mercury.  Tlien 
lioldiiig  tha  finger  over  the  open 
end,  let  it  be  inverted  in  a  vesHcl 
of  mercury,  u  Bhoim  in.  Fig.  75. 
On  removing  the  finger,  tho  mer- 
cury Binka  in  the  tnbe  nnti!  the 
column,  AB,  la  about  30  inchea 
high,  when  it  comes  (o  t.  atalo  of 
equilibrium. 

In  this  condition,  the  mercnry 
is  Eiutained  by  the  preeiure  of 
the  air  upon  the  EUrfQco  of  the 
free  mercury  in  the  vctBcl,  trans- 
milled  according  to  the  law  ex- 
plained in  Article  70.  At  Iha 
level  of  Ihn  sea,  tho  height  of  tho 
column  AB,  is  on  en  average  not 
far  from  30  inches,  or  2)  feet. 

If  we  suppoHC  tha  cross-section 
of  the  tube  1o  be  one  square  iuoli, 
the  atmospheric  preesuie  upon  that 
surface  must  bo  sufficient  to  bal- 
ance tho  weight  of  30  cubic  inches 
of  mercury.  Now  tho  weight  of 
30  cubic  inches  of  mercury  is  a. 
little  leaa  than  15  lbs. ;  hence,  we 
say  the  measure  of  the  atmo^pheria 
pi'esBure  is  15  lbs.  on  each  Equare 
inch.  '*" 

A  pressure  of  15  lbs.  on  each  square  inch,  is  often  called 
an  atmosphere,  and  this  becomes  a  unit  for  expressing  th« 
pressures  of  gases  and  vapors.  Thus,  when  ire  say,  in  any 
given  case,  that  the  pres.snre  of  steam  in  a  boiler  m  foor 
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atmospheres,  we  mean  that  it  exerts  a  pressure  of  60  lbs.  on 

each  square  inch'  of  surface.. 

'^     . 
Pascal's  Elzperiments. 

108.  (  As  soon  as  Torricelli's  experiment  was  known 
in  France,  Blaise  Pascal  undertook  to  ascertain  by  experi- 
ment whether  the  mercury  was  actually  retained  in  the 
tube  by  the  pressure  of  the  atmosphere,  or  by  some  other 
cause. 

He  caused  a  friend  to  repeat  Torricelli's  experiment 
upon  the  top  of  the  mountain  of  Puy-de-Dome,  correctly 
reasoning,  that  if  the  height  of  the  mercurial  column  is  due 
to  atmospheric  pressure  alone,  it  ought  not  to  be  so  great 
on  the  mountain  top  as  at  the  level  of  the  sea.  The  result 
of  the  experiment  showed  that  the  height  of  the  column 
was  less  on  the  top  of  the  mountain  than  at  its  base. 

He  next  reasoned,  that  if  the  tube  were  filled  with  any 
liquid  less  dense  tlian  mercury,  the  height  of  the  column 
ought  to  be  proportionally  greater.  Consequently,  he  made 
at  Rouen,  in  1646,  the  following  experiment.  He  took  a 
tube,  similar  to  that  of  Torricelli,  but  nearly  50  feet  in 
length,  and  after  filing  it  with  wine,  inverted  it  in  a  vessel 
of  the  same  liquid. .  Pascal  observed  that  the  column  fell, 
until  it  was  about  35  feet  high,  when  it  came  to  rest.  In 
this  case,  the  column  was  fourteen  times  as  high  as  when 
mercury  was  used,  and  as  mercury  is  fourteen  times  as  dense 
as  winej^e  concluded  that  the  sole  cause  of  the  phenomenon 
in  question  was  the  pressure  of  the  atmosphere. 

The  Barometer. 

109*  A  Barometer  is  an  instrument  for  measuring  the 
pressure  of  the  air.    If,  to  Torricelli's  tube,  were  fitted  a 


(  108.)  Describe  Pascal's  experiments  In  detail,  and  his  mode  of  reaaoning. 
What  oonclnsion  is  derived  from  Pascal's  experiments?  (109.)  What  is  a  Bar- 
ometer?   What  is  its  principle? 
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scale  for  mesauring  tite  c^act  iiltitadQ   of  tho  mercniiil 
column,  it  woiild  be  a  barometer, 

Sevcial  fomiB  have  been  given  Jo  tlie  batx)meter,  some  of 
wliich  will  be  described  iu  tlie  Ibllowiiig  articles. 


The  OIrt«m  Baronuter. 

110.  Fig.  76  repreaentB  a 
CisTEBN  Barometer,  euch  as 
is  ill  common  use  ia  Fi'ance 
and  ia  this  country. 

It  con^ts  of  a  glass  tube, 
ai,  about  34  inches  long, 
closed  at  the  top  and  open  at 
the  bottom.  This  tube  has  a 
dLtnieter  of  about  four-tenths 
of  an  inch.  It  is  filled  with 
mercury  and  inverted  in  a 
cistern,  A,  which  ia  pnrtnlly 
filled  with  the  same  liquid,  as 
explainedin  Article  107.  Tho 
mercury  settles  in  the  tube 
tai  the  height  of  the  column 
is  about  30  inches  at  the  lc\  el 
of  the  sea. 

The  cistern  A,  ia  3  or  4 
inches  in  diametel-,  and  it  is 
so  adapted  to  the  tube  ai,  as 
to  permit  the  air  to  penetrate 
to  the  cistern  at  the  joint  i 
Only  a  part  of  the  cistern  is 
seen  in  the  figure,  the  remam 
der  being  let  into  the  fiame 
which  suppoits  the  whole  in- 
Btrument.     At  the  top  of  tho 

(110.)  Dwcilbe  Uie  Cbtera  buon 


.    TMXlftB,    ■His'MUii*. 
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frame  is  a  scale,  (7,  having  its  0  point  at  the  level  of  the 
mercury  in  the  cistern  ;  or  on  the  opposite  sicie,  is  a  scale  on 
wliich  are  marked  certain  weather  indications. 

A  curved  piece  of  metal  embraces  the  tube  and  carries  an 
index,  which,  as  the  piece  is  raised  or  depressed  to  corres 
pond  to  the  top  of  the  column,  points  out  upon  the  scale  (7, 
the  height  of  the  column.  Two  thennomcters,  one  of  mer- 
cury and  one  of  alcohol,  are  also  attached  to  the  frame, 
which  serve  to  show  the  temperature  of  the  instrument  and 
of  the  mercury  which  it  contains. 

The  0  point,  or  beginning  of  the  scale,  is  at  the  surface  of  the 
merenrf  in  the  cistern.  When  the  pressure  of  the  air  increases,  a 
portion  of  the  mercury  in  the  cistern  is  forced  up  into  the  tube,  and 
the  0  point  descends;  "when  the  pressure  diminishes,  the  reverse 
takes  place.  But  inasmuch  as  the  surface  of  the  mercury  in  the 
cistern  is  very  great  in  comparison  with  that  in  the  tube,  this  rise 
and  fall  is,. for  most  purposes,  quite  unimportant.  When  great 
accuracy  is  required,  the  bottom  of  the  cistern  is  made  of  leather,  and 
can,  by  means  of  a  screw,  be  raised  or  depressed  until  the  surface  of 
the  mercury  in  the  cistern  just  grazes  the  point  of  an  ivor^'  pin  pro- 
jecting from  the  top  of  the  cistern.  This  improvement,  devised  by 
FoBTiN,  is  now  in  general  use. 

I 

I 

To  determine  the  height  of  the  barometer,  the  0  point  is 
first  adjusted,  then  the  curved  piece  is  slid  up  or  down  till 
it  coincides  ^nth  the  surface  of  the  mercury  in  the  tube,  and 
the  height  is  then  read  off  on  the  scale  c.  The  height  of 
the  thermometer  should  also  be  noted. 

In  the  instrument  described,  the  scale  c  does  not  extend  through- 
out the  whole  length  of  the  instrument,  because,  in  ordinary  cases, 
only  a  small  part  of  the  scale  is  needed.  When  a  barometer  is  to  be 
used  in  high  altitude9,  the  scale  is  continued  downwards  as  far  as 
necessary.  ''*V^ 


Describe  the  scale.  The  index.  The  thermometers.  Where  U  iheO  point  of. the 
ecaU  f  ffcto  in  the  0  point  regulated  in  accurate  barometere  t  How  U  tbA  l^V^ 
of  tb0  barometer  detenalned  t 


111.    Fig,  77  represents  a  Sipdon 

Bakometer.    It  consists  of  a  cun'ed 

lube,  ab,  liaving  tiro  unequal  'brancli'- 

es,  the  shorter  one  acting  aa  a  cisternJ 
'  In   the    longer    branch,   there    is    a 

vacuum     above     the     mercury,     but 

the  shorter  one  is  suppHed  n-ith  air^ 

whicli  communicates  with  the  externa^ 

atmosphere  through  a  small  opE^ibi^,  , 
■  t.     There  are  two  scales,  one  at  the 

upper  part  of  eaeh  branch,  and  in  front 

of  each  is  a  movable  index  whicfi  may 

be  raised  or  depressed  until  it  cornea 

to  the  free  surface  of  tbe  mercury  in 

each  branch.''  By  means  of  these  scales, 

the   difFeience    of   level    in   the    two 

brandies  may  be  measured.  This  dif- 
ference is  the  height  of  the  barometrio 

column  J 

To  prevent  violent  oseillntionB  ■when  the 
instrument  is  moved  from  place  (o  place,  the 
ttva  branches  communicate  through  a  line, 
almost  capillary,  tube.  This  arrangement 
also  prevents  the  possibility  of  a  bubble  of 
air  penetrating  from  the  shorter  to  the  longer 
branch,  when  the  instrument  is  inclined. 

Propeitlw  of  a.  good  Barometer. 
119,    The  space  at  the  top  of  the  tube  should  be  per- 

(111.)  Deurlbe  the  BLphoa  buomster.  WhntUkes  the  pisce  of  nclatcmr  Hn 
imaj  Ktla  in  i«ad«l,  sod  lioir  an  ther  unngedr  Vov  is  tha  illffereiirw  of  lere 
deteimlnadt  IImb  art  oteUlaUont  ebtbOfit  (113.)  What  m  UyqutUflnUca 
of  1  G^^od  baranutAT  f 
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foctly  free  from  air  or  moisture,  otherwise  tBey  would,  by 
their  elastic  force,  prevent  the  mercurial  column  from  rising 
to  its  proper  height. 

The  elastic  force  of  vapor  of  water  is,  as  will  be  shown,  very  con- 
siderable, even  at  ordinary  temperatures.  To  expel  both  air  and 
moisture,  the  mercury  should  be  boiled  in  the  tube  before  the  latter 
is  inverted  into  the  cistern. 

The  mercury  should  be  pure,  the  bore  of  the  tube  should 
be* sufficiently  large,  and  the  scale  should  be  accurate.  Mer- 
cury may  be  puritied  by  distillation. 

Thus  far,  mercury  has  been  preferred  to  all  other  liquids  for  filling 
barometers.  It  is  true,  other  liquids  might  be  used,  but  in  such 
»  6a88,  the  tube  would  become  unwiel^ly  from  its  length.  In  the  case 
of  water,  a  tube  of  about  35  feet  would  be  required.  There  is 
another  objection  to  using  water,  which  arises  from  its  tendency  to 
form  vapor  even  at  ordinary  temperatures.  The  formation  of  vapor 
at  the  top  of  the  tube,  would,  as  we  have  just  seen,  prove  highly 
injurious  to  the  working  of  the  instrument. 

Mean  Height  of  the  Barometer. 

113«\^The  height  oi  the  barometer  is  constantly  fluc- 
tuating. Vrhe  difference  between  the  greatest  and  least 
heights  obsei*ved  at  JE*aris,  amounts  to  as  much  as  one- 
thirteenth  part  of  the  greatest. ;  The  fluctuations  become 
greater  as  we  approach  the  poles,  and  less  as  we  approach 
the  equator.'  ' 

The  mean  or  average  height    at  any  place  can  be  fomid  only  from 

a  great  number  of  observations.     If  we  take  hourly  observations  for 

one  day  and  divide  the  sum  of  the  heights  by  24,  the  result  is  called 

the  mean  height  for  that  day.     This  does  not  differ  much  from  the 

height  observed  at  midnight.     If  we  take  the  sum  of  the  mean  daily 

heights  for  a  year,  and  divide  by  365,  the  result  is  the  mean  height 

. I . 

Wluii  liquid  U  beat  for  jOUng  larometsrs  f  Ol^eciion»  to  liiher  Uquidat 
(118)  Where  are  the  fiuctaations  of  the  barometer  greatest?  Least?  Amount  at 
Paris  ?    Bow  U  the  mean  htighi  Si>r  a  day  d'eUrmintd  t   For  a  ptar  t 
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for  that  year.  By  taking  the  sam  of  the  mean  annual  heights  for 
many  years  and  dividing  it  by  the  number  of  years,  the  result  is  the 
mean  height  for  that  place. 

At  the  level  of  the  sea,  the  mean  height  is  not  fer  from 
30  inches,  as  already  stated. 

Causes  of  Barometrical  Fluctuations. 

114.  Tlie  cause  of  the  fluctuations  observed  in  the 
barometer,  is  a  change  in  the  weight  of  the  column  of  air 
above  it.  Since  tlie  ^Y eight  of  the  entire  atmosphere  is 
constant,  if  it  become  heavier  at  one  point  on  the  earth's 
surface,  it  must  become  lighter  at  some  other  point;  a 
fiict  which  is  confirmed  by  observations  by .  means  of  the 
barometer. 

The  cause  of  the  change  of  weight  in  the  colunm  of  air 
over  the  barometer,  is  a  change  of  temperature.  When  the 
temperature  at  any  place  is  elevated,  the  air  expands  and 
rises  U2)ward  until  its  lateral  tension  is  greater  than  that  of 
the  surrounding  air,  when  it  flows  away  to  the  neighboring 
regions.  When,  on  the  contraiy,  the  temperature  is  dimin- 
ished, the  air  contracts  and  an  additional  quantity  flows  in 
from  the  neiijhborino:  resxions. 

The  barometer,  then,  falls  where  there  is  a  dilatation,  and 
rises  where  there  is  a  contraction,  of  the  air. 

The  barometer  serves  as  a  weather-glass.  It  stands  high  in  fair 
weather,  and  low  in  foul  weather.  A  sudden  fall  of  the  barometer 
indicates  an  approaching  storm,  and  a  sudden  rise,  in  general,  indi- 
cates approaching  fair  weather. 

The  Index  Barometer. 

115.  Fig.  78  represents  an  ornamental  form  of  an  Index  Bar- 
ometer.    The  manner  in  which  the  index  i&  made  to  show  the 

For  any  place  f  What  is  the  mean  height  at  the  level  of  the  soa  ?  (114)  What 
is  the  cause  of  the  fluctuations  observed  ?  What  Is  the  cause  (tf  the  change  of  weight 
in  the  aerial  column  ?  When  doe^  the  barometer  rise  ?  Fall  ?  Vm  ftfih^  baronuUr 
at  a  iCMther-ffluM  t    (116.)  IKeplain  th,e  Ind^fi^  barometer. 
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fluctnatioDB  of  tho  bnrometer  s  Fhowi  in  Fig.  79.  Tho  index  is 
attacheil  to  an  ax  s  vb  ch  bears  a  pu  1  y  Passing  over  tliia  pulley 
ia  a  flue  wire  at  oue  ex  cia  y  of  wh  du  b  attached  an  iron  weiglit, 


Fie.  7a.  Pig.  i». 

a,  which  rises  when  the  height  of  the  mercury  diminishes,  and  falls 
vhen  this  height  increases.  At  the  second  extremity  is  a  couoler- 
poita,  b,  which  keeps  the  wire  teitse,  and  causes  the  wheel  to  turn 
ai  tha  weights  rise  and  fall. 
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The  index  plays  in  front  of  a  dial-plate,  around  which  are  marked 
certain  letters  indicating  the  weather  to  he  expected  when  the  index 
stands  at  any  one  of  them.  The  instrument  shown  in  the  figure  is 
of  French  construction,  and  the  letters  are  the  initials  of  the  French 
names  of  the  different  kinds  of  weatlier,  as  exhibited  below.    In  the 

I  the  height  of  the  barometer  corresponding  to 

TABLE. 


rsM. 

FEE1ICB. 

1 
1 

BNOLTHH. 

• 

[ 

Tempete. 

Tempest. 

P. 

Grande  pluie. 

Heavy  rain. 

V. 

Pluie  ou  vent. 

.  Rain  or  wind. 

• 

Variable. 

Variable. 

• 

Beau  temps. 

Fine  weather. 

F. 

Beau  fixe. 

Settled  weather. 

S. 

T  res-sec. 

Drought. 

ily  given  to  illustrate  the  method  of  employ- 
t  is  evident  that  different  tables  would  be 
CCS.     But  little  reliance  is  to  be  placed  on 
as  weather  indicators. 


>untain  Heights  by  the  Barometer. 

3  most  important  applications  of  the 
measurement  of  the  height  of  any  place 
e  sea. 

he  level  of  the  sea,  the  pressure  of  the  air 
)meter  falls.  Formulas  have  been  deduced, 
u  !l« ;  if*e  •  '^  .iween  any  two  places 
bavft  ihf"  I'".  •  "■  ijc  mercurial  columns  at 
^ -^  .,v/J5ctuer  wi!.h  li.--  .  :.^.  iiures  of  the  air  and  mer- 
cury at  these  places. 

A  detailed  explanation  of  th-  motnoLl  of  making  the  observations, 


Ji»  construction  and  we.    (116)  On  v  'i:vi  pHncipU  U  the  barometer  need  pr 
measuring  heights  f 
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and  deducing  the  difference  of  level,  does  not  come  within  the  plan 
of  this  work.  For  information  on  this  subject,  the  reader  is  referred 
to  Mechanics,  Art.  200.   . 

Height  of  the  Atmosphere. 

117.  The  density  of  the  aii*  at  the  surface  of  the  earth 
is  about  10,400  times  less  than  that  of  mercury.  Were 
there  no  decrease  in  density  as  we  ascend,  its  height  would 
be  10,400  times  30  inches,  or  26,000  feet ;  that  is,  about  five 
miles.  But  on  account  of  the  rapidly  decreasing  density 
upwards,  the  actual  height  is  very  much  greater.  It  has 
been  estimated  to  be  not  far  from  forty-five  miles  in  height. 

Atmospherio  Pressure  transmitted  in  all  directions. 

118«  Gases,  as  well  as  liquids,  transmit  pressures  in  all 
directions,  from  which  it  results  that  the  pressure  of  the  air 
is  not  only  felt  downwards,  but  laterally  in  all  directions. 
This  is  shown  by  the  Magdebourg  hemispheres,  which  ad- 
here with  equal  force,  whether  the  force  to  draw  them 
asunder  be  exerted  vertically,  laterally,  or  in  any  oblique 
direction. 

The  same  fact  may  be  illustrated  as  follows :  Let  a  tum- 
bier  be  filled  with  water,  and  covered  with  a  sheet  of 

« 

paper ;  then,  holding  the  paper  in  contact  with  the  water, 
let  the  tumbler  be  inverted.  If  the  hand  be  withdrawn,  the 
water  remains  in  the  tumbler,  being  held  there  by  the  pres- 
Bure  of  the  atmosphere,  directed  upwards,  as  shown  in 
Fig.  80. 

The  wine-taster,  shown  in  Fig.  81,  is  constructed  on  this  prin- 
ciple. It  consists  of  a  tube  open  at  both  ends,  the  lower  opening 
being  quite  small.     The  instrument  is  introduced  into  a  cask  of 


(117.)  Were  the  density  the  same  as  at  the  earth^s  surface,  what  wonid  be  its  . 
height?    What  is  its  estimated  height?    (118)  How  are  pressures  transmitted 
through  gases?   How  is  the  principle  illnstratod?    WhfU  U  ih%  priaeipU  <J  tk%' 

6 
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wine  tb rough  the  bung-hole,  and  when  it  has  beoome  filled  to  the 
level  of  tbo  liquor  in  the  cask^  the  thomb  is  placed  oyer  the  upper 
end,  and  the  instrument  is  withdrawn.    A  portion  of  the  wine  ii 


Fig.80L 


rig.  81. 


held  m  the  tube,  being  retained  by  the  atmospheric  piressure,  and  if 
the  tube  be  placed  over  a  tumbler,  and  the  thumb  be  raised,  the 
wine  will  flow  out.  This  is  the  principle  of  the  dropping  tube,  em- 
ployed by  druggists  and  others. 


Pressure  on  the  Human  Body. 

119.  The  pressure  on  each  square  inch  of  the  body  h 
15  lbs. ;  hence,  on  the  whole  body  the  pressure  is  cnormonf. 
If  we  take  the  surfece  of  the  human  body  equal  to  2000 
square  inches,  which  is  not  far  from  the  average  in  the  case 
of  an  adult,  the  pressure  amounts  to  30,000  pounds,  or 
15  tons. 

If  it  be  asked  why  the  body  is  not  crushed  by  this  enor- 
mous pressure,  the  answer  is,  because  it  is  uniformly  distrib- 
uted over  the  whole  surface,  and  is  resisted  by  the  elastic 
force  of  air,  and  other  gases,  distributed  through  the  tissues 
of  the  body. 

The  following  experiment  shows  that  the  tissues  of  the  human 


J>eAcribe  U  and  its  1M0.    What  it  the  dropping  tuhtf    (.119.^  What  Is  the 
Mmount  of  Atmospheric  pressure  ou  llie  \iuixviuci  ^mCl^  ^   'Slqni  Ns^  \Xs&&  Y^VKoze^  x«dtifiu)j^\ 
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body  eontain  air  and  ga»u,  whose  eluticltr  renista  the  atmoapherio 

preBBure.     Let  the  band  be  preued  clouly  upon  the  iDouth  of  a 

glass  cylinder,  whose  interior  communieatea  with   the  air-pump,  as 

shown  in  Fig.  82.    No  inronvenience  will  be  felt.    But  if  the  air 

be  exhausted  from  the  t^- 

inder,  the  flesh  of  the  hiyid 

will  be  farced  into  the  eyl- 

inder  by  the  preaaaie  from 

wiltiDUt,  which  is  no  longer 

resisted  by  the  pressure  of 

the  sir.     The  hand  swells, 

and  the  blqpd  tends  to  flow 

oat  througi  the  pores. 
Thq^mestioQ     may    be 

asked,  ^^^^n  the  bend 

u  placed  upon  a  body,  it  is 

not   retained   there   by  the 

pressure  of  the  atmoephere. 

The^a^wsr  is,  there  is  a 

thin  1^&  of  air  between 
_  the  band  and  the  body, 
9  which   exactly    connterbal- 

Moces  the  eSect  of  the  ex- 
ternal pressure.     Were  the 

air  perfectly  excluded  from 

between  the   hand  and  the 

body,    there    would    be    a 

■trong   tendency    Co   adher* 

ence  between  them.  «»•* 

The  operation  of  cupping,  in  medicine,  depends  upon  the  principle! 
just  explained. 
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II.  —  ME1.SURE      OF      THE      ELASTIC      TOBCE      OF      OASES. 

Maiiotte'i  Law. 

I  120.  When  a  given  mass  of  any  gas  or  vapor  is  com- 
pressed, 80  as  to  occupy  a  smaller  space,  its  elastic  force  is 
increased ;  on  the  contrary,  when  the  volume  is  increased, 
its  elastic  force  is  diminished. 

The  law  of  increase  and  diminution  of  elastic  force  was 
first  made  known  by  Mariotte  ;  hence  it  was  called  by  his 
name.     Mariotte's  law  may  be  enunciated  as  follows : 

The  elastic  force  of  any  given  amount  of  ga^^  wTwae  tern- 
j}erature  remains  the  same^  varies  inversely  as  its  volume. 

As  a  consequence  of  this  law  it  follows  that. 

If  the  temperature  remains  constant^  the  elastic  force 
raries  as  the  density, 

Mariotte's  Tube. 

121.     Mariotte's  law  may  be  verified  by  means  of  an 

apparatus,  shown  in  Figs.  83  and  84,  called  Mariotte^s  Tube, 
This  tube  is  of  glass,  bent  into  the  shape  of  a  letter  J.  The 
short  branch  is  closed,  and  the  long  one  open  at  the  top. 
The  tube  is  attached  to  a  wooden  frame,  provided  with 
suitable  scales  for  measuring  the  heights  of  mercury  and  air 
in  the  two  branches. 

The  instrument  having  been  placed  vertical,  a  sufficient 
quantity  of  mercury  is  poured  into  the  long  branch  to  cut 
off  commitnication  between  the  two  branches,  as  shown  in 
Fig.  83.  The  level  of  the  mercuiy  in  the  two  branches  is 
the  same,  and  this  level  is  at  the  0  point  of  the  two  scales. 
The  air  in  the  short  branch  is  of  the  same  density,  and  has  • 
the  same  tension  as  that  of  the  external  atmosphere. 

(120.)  What  la  Maeiottb'b  Law!    Coi»fcqjieu«i<i^    V'^ax .^ 'Vi«(waeCtt,^-^iasfcs«;jCt 
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If  an  sdditioDal  quantity  of  mercury  be  poured  into  the 
longer  branch  of  the  tube,  it  will  press  npon  the  ur  in  tbo 
shorter  braach,  and  compress  it.    If  the  differeoce  of  level 


FlgSS. 


Fig.  81 


in  the  two  branches  be  made  equal  to  the  hraght  of  the 
barometrical  column  tj  ahoim  in  Tig  64  (where  the  differ- 
ence IS  76  centmotrc'?  or  29  fJS  mchesl  the  nir  will  be  com- 
pressed mto  JiO,  one  half  of  its  original  bulk. 


nrity  th*  bw  1 
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In  the  figure,  the  air  in  BC  is  lubjected  to  the  premnif  of  two 
atmospheres,  one  from  the  actual  atmosphere,  transmitted  throng 
the  mercury,  and  an  equal  pressure  from  the  weight  of  the  meroory, 
AC,  which  is  equal  to  that  of  an  atmosphoro. 

If  the  difference  of  height,  AC,  be  mado  equal  to  two,  three,  four, 
&o.,  times  that  of  the  barometric  column,  the  air  in  BC  will  be 
reduced  to  one  third,  one  fourth,  one  fifth,  &c.,  of  its  origiiial  bulk. 


Bffanonietenk 

199.    A  Manometer  is  an  apparatiui  for  measnring  fhe 

clastic  force  of  a  gas  or  vapor. 

There  are  two  principal  kinds  of  manometers,  the  open 
and  the  closed  manometer. 

The  Open  BCanometer. 

193.  Fig.  85  represents  an  Open  Manoioeter,  sadi  as 
is  oflen  used  for  measuring  the  pressure  of  steam  in  a  boiler. 

It  consists  of  a  narrow  tube  of  glass  fixed  against  a  verti- 
cal wall,  and  communicating  with  a  cistern  of  mercmy,  (7. 
A  pipe  leads  from  the  boiler  to  the  cistern,  C,  and  by  means 
of  a  stop-cock,  steam  may  be  admitted  to  the  cistem,  or  cut 
off  at  pleasure. 

When  the  tension  of  the  steam  in  the  hoiler  is  just  equal  to  that 
of  the  atmosphere,  the  mercury  stands  at  the  same  level  in  the  tube 
and  cistem.  When  the  tension  of  the  steam  becomes  equal  to  twice 
that  of  the  atmosphere,  the  mercury  is  forced  from  the  cistern  into 
the  pipe,  where  it  rises  till  the  difference  of  level  is  30  inches.  This 
is  marked  2  on  the  tube,  and  when  the  mercury  is  at  this  division,  the 
tension  of  the  steam  is  two  atmospheres.  The  divisions  3,  4,  5,  &c., 
are  placed  at  distances  of  30  inches,  and  when  the  mercury  stands 
at  any  one  of  them,  the  manometer  indicates  a  tension  of  the  corre- 
sponding number  of  atmospheres. 


( 1 32<)  What  is  a  Manometer  ?    How  many  ktnds  are  employed  f    Wliat  are  they  f 
(128.)  Describe  the  Open  Manoiueter.    Eaeplain  \Xa  action. 
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I'lg.  85. 

In  Hie  figure,  the  fension  indicated  is  31  alinoepliere*. 

The  OIoMd  Manometer. 

134.    The  Closed  Masometee  is  shown  in  Fig.  80,  and 

differs  from  the  one  just  described,  in  having  its  vertical 

tube  closed  at  the  top.     It  is  graduated  on  the  principle 

eBimciated  in  Makiotte'S  law.      j 
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1  the  bo  lor    i 


When  the  prwanre 
one  atmotphere,  the  mercu  y  n  the 
cutem  aiiil  tube  are  at  the  Bftme  level, 
the  touaion  of  the  b  earn  and  ho  clas  o 
force  of  the  air  just  ba  a  c  n^  each 
other.  Whcu  llio  prosau  e  becomes 
two,  three,  four,  Ico  at  noxphercs,  tbs 
air  in  tho  closed  tube  w  11  occupy  one 
half,  one  third,  one  fou  tb  &a  the 
space  it  did  before  al  owance  be  og 
made  for  the  vroight  of  the  mercury 
which  is  forced  up  nio  the  tube  Tho 
iiiBtrumoDt  havii^  been  g  aduated  s 
uBo  is  evident.  When  b  doe  ed  Co 
oacortain  the  tension  of  he  steam  a 
the  boiler,  the  ceek  is  u  ned  and  he 
heieht  to  which  the  me  cury  ascendi 
in  the  tuhs,  indica.  es  he  tena  on  d 
BtmoBphcrea.  Any  number  of  EUb- 
diTJBioiiB  may  be  made  a  a  ther  of  the 
tvo  manometera  deae   bed 

Besides  ihcHo,  ee  s  a  meCall  o 
manometer,  invented  bj  M  Bourdon 
and  knowa  db  Bourdon  s  Mo  a  e 
Manometer.    Il  is  not  bo  I'cliable  as  thsse  deioribed. 


The  Air-pump. 

13S.  An  AiR-PUJTP  is  a  machine  for  exhanBting  tfie  air 
froiji  a  dosed  space.    The  air-pump  was  InveDted  by  Oiro 

VON  Gltkeicke,  in  1650. 

A  perspective  view  of  one  of  the  most  common  forms  of  the  air- 
pomp  is  given  in  Fig,  S7.  The  details  of  its  construction  will  be 
best  studied  from  Figs.  88  and  89  ;  the  former  represents  a  longi- 

oometer  lusdr     ( 125.)  'What   la  ui  Alr-puinp? 
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( 


tudinal,  nnd  the  latter  a  triiiisvprso  Fcciion.     In  all  of  Iho  ligarevftlio  . 
same  letten  indicnta  correspond  in;  parts. 

The  air-pnmp  poosiats  of  two  glass  C5-liiidorfi,  called  barreU,  in 
which  aro  pistons,  P  and  Q,  made  of  loalher,  thoronghly  Boakeil  in 
oil.  The  pintonx  are  attached  to  rodn.  and  arc  elovntcd  and  deprcBied 
by  a  lovo-,  iVjJf,  Fig.  89,  which  imparts  an  oscillating  motion  to  ft 
'  pinioa,  K.     The  tfteth  of-lhis  pii)ion  engage  with  corrcBponding  ones 

Mm  a  compkl*  OfcHjjOim  0/  O*  tir-pump.    Barrtlt.    PMhh    Soda, 
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on  the  inner  sides  of  the  piston  rods,  A  and  fi.  The  machine  is  so 
arranged  that  one  rod  ascends  whilst  the  other  descends.  The  cyl- 
inders rest  upon  and  arc  (Irmly  attached  to  a  platform,  H^  Fig.  88. 
On  the  same  platform,  H.  is  a  column,  J,  which  supports  a  plate,  G, 
Resting  upon  the  plate  G,  is  a  boll  glass,  R^  called  a  receiver.  The 
receiver  communicates  with  both  cylinders  by  a  pipe,  shown  in 


This  pipe  branches  near  the  cylinders,  one  branch  leading  to  each 
cylinder,  as  shown  in  Fig.  89.  The  pipe  communicates  with  the 
cylinders  by  openings,  which  may  bo  closed  by  conical  ralvea,  a  and 
6.  The  valves  a  and  h  are  attached  to  rods  which  pass  through  the 
pistons,  and  fitted  to  slide  with  gentle  friction  as  the  pistons  jmove 
up  and  down.     In  the  pistons  are  valves,  s  and  U  which  are  gently 

RtceUtr,    Pipe,    Valvee,    Valte  rods. 
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pren«d  \f  spiral  spring  bo  u  to  permit  the  coaileofied  air  to  oicape 
and  then  to  clotte  the  oriScea  in  the  valves.  All  of  tho  valves,  a,  i, 
I,  and  t,  opou  upwards. 

In  expldniiig'tlie  action  of  tho  lur-pninp,  it  wOl  be  suffi* 
dent  to  consider  a  single  ban-el,  as  shown  in  Fig.  88.  The 
piston,  -P,  being  at  the  bottom  of  the  barrel,  the  valvea  a 
and  (  are  closed.  If  the  piston  be  raised,  the  valve  a  Is 
opened,  whilst  the  valve  ( is  kept  closed  by  the  spiral  spring 
and  the  pressure  of  the  atmosphere.  The  valve  a  is  soou 
wrested  hy  its  rod  com- 
ing in  contact  n-ith  tho 
top  of  the  barrel,  and  it 
then  remans  open  during 
the  ascent  of -P.  The  air 
in  the  barrel  above  tho 
piston  is  driven  out  at 
the  opening,  r,  and  that 
in  the  receiver  and  pipe 
expands  so  as  to  fill  tho 
receiver,  pipe,  and  barrel 
If  the  piston,  P,  be  de 
pressed,  it  at  once  c'oses 
the  valve  a,  ind  com 
presses  the  an  in  the 
barrel  till  its  eKstic  force 
becomes  great  enough  to 
force  oppn  the  ^iht,  t, 
when  it  escapes  mtp  the 
atmosphere. 

By  this  double  stroke 
of  the  piston,  P,  a  portion  of  the  air  is  exhausted  from  tho 
receiver,  and  if  a  second  double  stroke  be  made,  a  portion 
of  what  remans  may  in  like  manner  be  exhausted,  and  so 
on  until  nearly  a  perfect  vacuum  is  formed  in  the  receiver, 


I>e«Tf1>e  at  action 


of  tht  Blr-pnmp  la  d«taU. 
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/?,  or  in  any  other  closed  vessel  attached  to  the  pipe  of  the 
machine. 

What  has  been  said  of  one  barrel,  is  equally  tme  of  tho 
other ;  in  fact,  the  instrument,  as  figured,  is  a  double  piunpi 


ACeamire  of  the  Rarefiiotion  prodnoed. 

126*  In  order  to  measure  tho  degree  of  rarefaction  pro- 
duced, a  glass  cylinder,  jEJ  Fig.  8'?,  is  connected  with  the 
pipe  by  means  of  an  opening  through  the  column  I,  In  this 
cylinder,  is  a  glass  tube  bent  into  the  form  of  the  letter  F, 
one  branch  being  closed  at  the  top,  and  the  other  open. 
The  tube  has  its  closed  branch  filled  with  mercury,  and  is 
called  a  siphon  gauge,  \ 

The  mercury,  under  ordinary  circumstances,  is  kept  in  the 
closed  brancli  by  the  atmosijheric  pressure,  but  as  tho  air 
becomes  rarefied  in  the  receiver,  the  tension  of  the  air 
becomes  less  and  less,  and  finally  the  mercury  fidls  in  the 
closed  branch  and  rises  in  the  open  one.  The  diffei^ence  of 
level  between  the  mercury  in  the  two  branches,  is  duo  to  tho 
tension  of  the  rarefied  air,  and  if  this  difference  be  aeter- 
mii\ed  by  means  of  a  proper  scale  attached  to  the  gauge, 
the  tension  can  be  found.  Thus,  if  the  difference  of  level  is 
reduced  to  one  inch,  the  tension  of  the  air  m  the  receiver 
will  be  only  one  thirtieth  part  of  the  tension  of  the  external 
atmosphere. 

ZSzpezimeiLts  with  the  Air-pump. 

12 Ye  We  have  already  described  several  exporimonts  requiring 
the  employment  of  the  air-pump,  such  as  the  shower  of  mercury, 
Fig.  X  :  ihe  fall  of  bodies  in  a  vacuum,  Fig.  2 ;  the  bladder  in  a 
vacuum,  Fig.  70  ;  the  bursting  membrane,  Fig.  721 ;  and  finally,  the 
hemispheres  of  Migdcbourg,  Fig.  73. 

( ;126.)  How  may  tho  degreo  of  rarofactlon  be  measarofl?    What  is  th«  siphon 
fiatplaiji  Its  action  and  use.  « 
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The  mMhioe  may  be  nied  to  ahow  that  the  air  ii  i 
•npport  of  com  bastion  and  ani- 
mal life.  If  a  lighted  taper  be 
placed  under  the  rocoirer,  aiid 
the  air  eshaUBted,  the  light  will, 
grow  dim,  and  finally  will  go 
out  entirely.  If  an  animal  or 
bird  be  pTaeod  under  the  re- 
ceiver, and  the  aireihansted,  it 
will  straggle  and  foon  die.  Thii 
experiment  ia  shown  in  Fig,  90. 

Animals  and  birds  die  ar 
mtoa  as  they  aro  placed  jx  i 
vacnum;  reptiles  support  lira 
longer  when  depriTed  of  air.  ai. 
to  certain  insects,  they  ]ive  fnr 
many  days  under  an  exhausted 
receiver.  They  are  enabled  to 
jye  on  the  small  supply  of  air 
which  remains  in  the  recoiver, 
alter  as  mnch  of  it  as  posniblo 
i>  eztraeted. 


1*1— rralton  of  Food  In  a  Vaomuib  V 

19§.  It  has  been  discovered  that  articles  of  food  which  would 
soon  perish  if  exposed  to  the  air,  may  bo  preserved  fresh  for  a  long 
time  if  kept  in  a  Vacuum. 

If  fruits,  .vegetables,  and  Iho  like,  be  placed  in  a  bottle  with 
water,  and  then'heale4  gradually  till  ebullition  takes  ptaco,  all  of  ihe 
air  will, be  driven  out,'beins  replaced  by  stoam.  If  the  bottle  is 
corked  and  sealed  in  this  condition,  the  fruit  will  remain  fresh  foe 
years.  On  ibis  principle,  vast  quantities  of  meat,  fruit,  vegetables, 
and  the  like,  aro  prepared  for  naval  and  other  purpoees.  Instead  of 
bottles,  tin  caniiters  may  bo  employed,  which,  after  cxpolling  the 
air,  aro  hermetically  sealed  by  soldering. 

, J 

(1M-)  BlmtlitiihiMralhatair  U  fi«»Miirv  (o  combutUon  nod  animal  l^f 
■milt  antmalt  tuppoH  lift  Itmgal  *n  a  taeuvmr  (IXS-)  ffotn  art  artUiitt  ' 
thod  frttirttti  i*  taeufft.   W^'mt  appUcaUoM  ore  mmhI*  qf  (M*  prtarium 
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Tha 


1S9>  A  CoNciiTTSER  is  a  macbine  for  oondeitmng  air,  bj 
forcing  large  quantitiea  into  a  small  space. 

Such  a  machine  is  represented' in  Fig,  91.  It  is  dmilar  to 
the  air-pump  in  its  general  construction,  but  differs  in  soma 
of  its  details.    The  recdrer  is  of  very  thick  glass,  and  ii 


Fig.  91. 


con(inc<3  upon  the  plate  by  a  second  plate  at  the  top,  whidi 
is  connected  with  tlio  bottom  plate  by  fonr  brass  rods  with 
suitablo  screws  and  nuts.  To  prevent  danger  in  case  of 
rupture,  the  glass  receiver  is  surrounded  by  a  netting  of 
Strong  wire.  The  four  valves  open  in  a  direction  contrary 
to  that  of  the  valves  in  the  air-pump,  so  that  tar  is  fi>rccd 
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into  the  receiver  at  every  double  stroke,  instead  of  being 
exhausted,  as  in  that  instrument.  Finallj,  a  closed  manom- 
eter, fn,  is  employed  to  indicate  the  tension  of  the  com- 
pressed air.  The  machine  is  worked  in  the  same  way  as  the 
air-pump.  -4^  '^ 

A  taper  burns  more  freely  in  compressed  air  than  in  the  air  under 
the  ordinary  pressure.  Animals  placed  in  compressed  air  do  not 
experience  any  extraordinary  inconvenience.  In  many  submarine 
operations,  it  becomes  necessary  for  men  to  work  in  an  atmosphere 
of  compressed  air,  and  it  has  been  found  that  no  other  inconveuience 
is  felt  under  a  pressure  of  these  atmospheres,  than  a  painful  sense  of 
compression  •  in  the  ears.  This  feeling  takes  place  only  at  the 
beginning  and  end  of  the  operations,  disappearing  when  an  equilib- 
rium is  established  between  ihe  tension  of  the  air  in  the  internal  ear 
and  that  without. 

Artificial  Fountains. 

130.  An  Artificial  Fountain,  is  a  machine  by  means 
of  which  water  is  forced  upward  in  the  form  of  a  jet  by  the 
tension  of  compriessed  air.  The  most  interesting  instrument 
of  this  class,  is  that  known  as  Hero's  fountain,  so  named 
from  its  inventor.  Hero,  of  Alexandria,  born  120  b.  c. 

Hero's  Fountain. 

131.  An  ornamental  form  of  Hero's  Fountain  is  shown 
in  Fig.  92.  It  consists  of  two  globes  of  glass,  connected  by 
two  metallic  tubes.  The  upper  globe  is  surmounted  by  a 
brass  basin,  connected  with  the  globes  by  tubes,  as  shown 
in  the  figure. 

To  use  the  instrument,  the  tube  which  fonns  the  jet  is 
withdrawn,  and  through  the  opening  thus  made,  the  upper 
globe  is  nearly  filled  with  water,  the  lower  one  containing 
air  only.  The  jet  tube  is  then  replaced,  and  some  water 
is  poured  into  the  basin. 

How  is  the  detn'ee  of  condensation  measured  ?  What  effect  ha%  eondaneed  air  on 
eombtuiU&n  t  On  animal  lij^  T  On  divers  f  ( 1 30.)  What  is  an  Artificial  EoiiBr 
taia  f   {I SI.}  Deaeribe  Semo*b  FounUkL    How  is  It  pTeparod lot  xl»1 
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Fig.'»a. 

The  wafer  in  tlio  Idsin,  nctHig  by  ita  weight,  flows  into 
tlie  lower  globe,  through  the  tube  shown  on  the  left  of  the 
figure,  aa  indicated  by  the  aiTow  head.  Tliia  flow  of  water 
into  tlio  lower  globe  forces  out  a  part  of  the  air  in  it,  which, 
ascending  by  the  tube  shown  on  the  right  of  the  figure, 
accnmulalcs  in  the  upper  globe.  The  pressure  of  the  wr 
in  the  upper  globe,  acting  upon  the  water  in  that  part  of 
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the  instniment,  foroes  a  part  of  it  np  through  the  j^  tuhe, 
^ving  rise  to  a  jet  of  water,  vhioh  may  be  made  to  play  for 
several  houis  without  re-filling  the  iDBtrument. 

Intermittant  Fountain. 

133.     An  Ini^^smtttent  Fountaitt  is  one  in  which  the 

flow  is  iatermittent,  that  is,  in  wliich  the  flow  takes  place  at 

regolar  intervals.     Such  fountainB  exist  in  nature.     Fig.  93 

represente  an  artificial  foontain  of  this  character. 


<  1 82.)  Wlut  Is  u  InUnnltUnt  Fan: 
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It  conmsts  of  a  glass  globe,  a,  closed  above  by  a  glaii 
stopper,  and  having  two  small  tubes  below,  through  wfaidi 
water  can  flow  without  interruption.  The  globe  a,  is  snpi 
ported  by  a  hollow  glass  stem,  d^  which,  rising  from  a  me- 
tallic basin,  enters  the  globe  and  reaches  nearly  to, the  top 
of  it.  Around  the  bottom  of  the  tube  ef,  are  small  holes,  c, 
through  which  air  can  enter  it,  and  thos  reach  the  upper 
part  of  the  globe  a.  A  small  spout,  m,  serves  to  draw  oS 
the  water  from  the  basin. 

To  use  the  instrument,  the  globe  a,  and  the  metalfio 
basin,  are  nearly  filled  with  water.  So  long  as  the  holes,  e^ 
are  covered  with  water,  no  flow  will  take  place  from  the 
globe  a,  but  as  soon  as  the  basin  is  emptied  by  the  spent 
m,  so  as  to  expose  the  holes,  c,  the  "lair  enters  the  tube  dy 
and  reaching  the  globe  a,  the  flow  from  the  two  tubes  com- 
mences. The  flow  will  continue  until  the  holes,  c,  are  again 
submerged,  when  it  will  cease,  and  so  on  as  long  as  anj 
water  remains  in  the  globe. 

Of  course  tlie  capacity  of  the  two  tubes,  attached  to  the 
globe  a,  must  be  greater  than  that  of  the  spout  7n. 

The  Atmospheric  Tnkgtand. 

133.  An  inkstand  has  been  devised  in  accordance  with 
the  principles  of  atmospheric  pressure,  which,  whilst  pre- 
serving the  ink  from  evaporation,  is  extremely  simple  in  its 
construction. 

The  inkstand,  partially  filled  with  ink,  is  represented  in 
Fig.  94.  The  body  of  the  inkstand  is  air-tight.  Near  the 
bottom  is  a  tube  for  supplying  the  ink  as  wanted,  and  also 
for  filling  the  inkstand  when  necessary.  The  inkstand  is 
filled  by  turning  it  until  the  tube  is  at  the  top,  when  the 


Deseiibe  the  artificial  one  shown  In  Fig.  98.    Explain  its  action.    (  138.)  Explata^ 
the  construction  and  use  of  the  Atmospheric  Inkstand. 


I'Ci  tftf^'i  Qif^a^t^ 


nfc  OB  bfl  pound  in  tlmugh 
the  tube.  The  preflBure  of 
the  atmosphere  prevents  the 
ink  from  flowing  out.  When 
the  ink  Jias  been  used  till  ita 
level  £dls  below  o,  where  the 
tnbe  joins  the  main  body  of 
'.  tlio  int^tand,  a  babble  of  air 
enters,  and  rising  to  the  top, 
acta  by  its  pressure  to  fill  the 
tabe  again,  and  so  on  tmtil  the 
ink  is  exhausted.  lU  h- 

Watnr  Pni>i[w. 

IM.  A  Water  Pdkp  is  a  machine  for  raising  water 
from  a  lower  to  a  higher  level,  generally  by  the  aid  of 
atmospheric  pressure.  Three  separate  principles  are  em- 
ployed in  working  pumps:  the  sucking,  the  lifting,  and  the 
forcing  principles.  Pumps  are  often  named  according  as 
one  or  more  of  these  principles  are  employed. 

The  SnoUng  and    UfUng  Pump. 

18S.  A  SrcKiNG  AND  Lifting  Pump  is  represented  in 
Fig.  95,  in  which  a  portion  of  the  barrel  is  removed,  to  show 
more  clearly  the  relative  position  of  the  parts. 

It  consists  of  a  cylinder,  usually  of  cast  iron,  called  the 
harrei  of  the  pnmp.  The  barrel  communicates  with  a  re- 
servon"  by  a  narrow  pipe,  called  the  sucking  pipe,  a  part 
of  which  is  shown  in  the  figure.  At  the  top  of  the  sucking 
pipe  is  a  valve  opening  upwards,  called  the  sleeping  valve. 
Within  the  barrel  is  a  disk  of  metal  or  wood,  packed  with 
leather,  called  the  piston.  The  piston  is  attached  to  a  rod, 
i,  called  thajfiaton  rod,  and  is  moved  up  and  do\\-n  through 

(134.) 


■n  thejr    How  ire  pump*  nmnsdi  (181 
Pomp.    IMtuneL    Soeklofplp*.    Slupliig 
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a  certain  Bpaco,  called  llic  ^ny  of  the  pUton,  by  a  lerer,  J; 
cnllcd  the  pump-handle.  To  cause  the  rod  to  work  Teiti- 
callj-,  it  ia  conuocted  vith  tha  handle  bj  a  £>rked  pxxt, 


wliicli  is  united  to  the  piston  rod  by  n  hinge  joint.  This 
nrmngemcnt  permits  tlie  rod,  b,  to  glide  up  abd  dovn 
thi-ougli  a  ffiiide,  as  ehown  in  the  fignre.    Finally,  the  pisbHi 


PI17  of  as  ptaton.   Flitaa  tod.   < 
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second  valv^~ 


itself  is  pierced  in  its  centre,  and  carries  a 
also  opening  upward,  called  the  piston  valve. 

In  explaining  the  action  of  thia  pump,  we  refer  to  Figs. 
06,  97,  and  98,  which  rcproEcnt  BCcfioiis  of  tbc  pump  in 
different  states  of  action.  In  all  of  the  figures,  a  is  the 
aleeping  valve,  c  the  piston  valve,  and  S  the  sucking  pipe. 


Pig  H. 


FlE  83. 


Suppose  the  piston  to  be  at  the  lowest  point  of  its  play ; 
thoro  mil  then  be  an  eqnitibnum  betneen  the  pressure  of 
the  air  within  the  pump  and  thit  wnthout  When  the 
piston  IS  laiscd  to  tlie  highest  pomt  of  its  play,  thi,  air  be 
neath  it  is  larelied,  and  its  tension  diminished ,  the  tension 
of  thfi  air  m  the  sucking  pipe  then  foices  up  the  sleeping 
valve,  and  i  portion  of  it  escapes  mto  the  barrel  The  ten- 
don of  the  air  in  the  sncking  pipe  being  less  than  that  of 

PlMteanln,    Xipltln  th<  actio'   ilUtav^m^ 
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the  external  atmosphere,  a  quantity  of  water  rises  in  tho 
pipe,  to  restore  the  equilibrium.  The  water  continues  to 
rise  till  its  weight,  increased  hj  the  tension  of  the  air 
in  the  pimip,  is  just  equal  to  the  tension  of  the  external  air. 
When  the  equilibrium  is  restored,  the  sleeping  valve  closes 
by  its  own  weight. 

Now,  if  the  piston  be  depressed,  the  air  in  the  barrel  is 
condense^,  forces  open  the  piston  valve,  and  a  portion 
escapes  into  the  external  atmospUgre.  If  the  piston  be 
raised  again,  an  additional  quantity' of  water  will  be  forced 
into  the  pump,  and  after  one  or  two  strokes  of  the  piston, 
it  will  begin  to  flow  into  the  barrel,  ns  shown  in  Rg.  96. 

When  the  water  rises  above  the  lowest  Unut  of  the  play 
of  the  piston,  the  latter  in  its  descent  will  act  to  compress 
the  water  in  the  barrel.  This  pressure  forces  open  the 
piston  valve,  and  a  portion  of  the  water  passes  above  the 
piston,  as  shown  in  Fig.  97.  By  continuing  to  elevate  and 
depress  the  piston,  the  water  will  be  raised  higher  and 
higher  in  the  pump,  till  at  length  it  will  flow  from  the  spout, 
as  shown  in  Fig.  98. 

As  the  water  is  raised  in  the  pump  by  atmospheric  pressure,  it  is 
necessary  that  the  lowest  limit  of  the  play  of  the  piston  should  not 
be  more  than  34  feet  above  the  surface  of  the  water  in  the  reservoir, 
even  at  the  level  of  the  sea.  To  provide  against  barometric  fluctua- 
tions and  other  contingencies,  it  is  usual  to  make  this  distance  con- 
siderably less  than  34  feet. 

V 

The  Forcing  Pump. 

I«i6«  In  the  Forcixg  Pump,  the  sucking  pipe  may  be 
dispensed  with,  and  the  barrel  plunged  directly  into  the 
reservoir,  as  shown  in  Figs.  99  and  100,  or  a  sucking 
pipe  may  be  employed,  as  will  be  explained  hereafter.     We 


What  it  ths  lotoest  limit  Oj       playo/thBpUtont    (13e>^  Wh«ttwo<Mnns]ii^ 
be  given  to  the  Forcing  Pamp  .V 


PCUPa    AliD    OTHOB    UA.CaUr£S. 


4bafl  first  consider  the  case  in  which  the  suckiDg  pipe  is 
ionitted. 


Vis.V». 


i'lg.I<M. 


Id  this  case  the  piston  is  solid,  and  a  lateral  pipe,  IT, 
called  the  ddioery  pipe,  is  introduced  below  the  level  of 
the  lowest  position  of  the  piston.  There  are  two  valves, 
both'  fixed,  the  sleeping  valve  a,  as  ia  the  sucking  pump, 
and  a  valve  c,  opening  into  the  delivery  pipe. 

When  the  piston  is  raised  to  its  highest  position,  as  shown 
in  Fig,  99,  the  pressure  oi  the  atmoBphere  on  the  water  in 
the  reservoir  forces  open  the  sleeping  valve,  and  the  barrel 
is  filled  with  water  up  to  the  bottom  of  the  piston,  when 
the  sleeping  valve  closes  by  its  own  weight.  On  depreswng 
the  piston,  the  valve  c,  is  forced  open,  and  a  portion  of  the 
water  in  the  barrel  is  forced  into  the  d^liveiy  pipe.    When 


w  dtllTsrr  pipa.   EipUln  tb«  Ktian  at  I 
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the  piston  reaches  its  lowest  position,  the  weight  of  tin 
water  in  the  delivery  pipe  closes  the  ralye  c,  and  preventi 
the  water  in  the  delivery  pipe  from  returning  into  the 
barrel. 

By  continually  raising  and  depressing  the  piston,  addi- 
tional quantities  of  water  are  forced  into  the  deliveiy  pipe, 
which  finally  escape  from  the  spout  at  the  top  of  the 
delivery  pipe,  as  shoun  in  Fig.  100. 

To  rogulalo  the  flow  of  the  water  through  the  delivery  pipe,  and 
to  facilitate  the  working  of  the  pump,  an  air-vessel  is  generally  in- 
troduced, as  will  be  explained  in  the  next  article.  Sometimes  thi 
working  is  rendered  uniform  by  combining  two  forcing  pumpB  in 
such  a  manner,  that  the  piston  of  the  one  ascends,  whilst  that  of  the 
other  descends.  This  combination  is  also  explained  in  the  next 
article. 

The  oil  in  a  carcel-lamp  is  forced  up  into  the  vnek  by  a  doaUe 
forcing  pump,  moved  by  clock-work. 

The  Fire  Engine. 

137.    A  Fire  Engine  is  a  double  forcing  pump,  havii^ 

its  delivery  pipe  composed  of  leather  or  other  flexible 
material.  It  is  used,  as  its  name  implies,  for  extinguishing 
fires. 

Fig.  101  shows  a  section  of  the  essential  parts  of  a  fire 
engine.  In  this  figure,  JPQ  is  the  lever  to  which  are  at- 
tached the  piston  rods,  that  move  the  pistons  m  and  n ;  S 
is  an  air-vessel  with  two  valves,  one  admitting  water  from 
each  barrel;  Z  is  the  entrance  to  the  hose  or  delivery 
pipe ;  M  and  N  are  rods  sustaining  the  framework  of  the 
machine. 

The  two  barrels  arc  plunged  into  a  reservoir  which  is 
kept  supplied  with  water.    This  water  flows  into  a  space 


ffoto  U  thsjloto  reffiOaUdf  ITov)  U  the  working  rtnd«rtd  tm^^r^t  Bmi» 
fht  cU  raU4d  in  a  earal-lamp  t  ( 1370  "What  is  a  Fir«  EngliMt  TTwornn  It  h 
dtttU 
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beneath  the  barrele  througli  liolcs  represented  on  the  right 
'  and  left  of  the  figure,  and  from  thence  is  forced  Into  the 
air-veasel  in  &  manner  entu-ely  dmilar  tc  that  expbdned  in 


the  last  article.  When  the  water  ia  forced  into  the  air- 
vcBSel  -ff,  the  air  is  at  first  compreBsod,  after  ivliich  it  acta 
by  its  tension  to  force  a  continuous  current  through  the 
.hose. 

The  lever  Je  provided  \vitli  long  liandtca  at  riglit  angles  to  itii 
length,  ao  lliat  it  may  bd  worked  by  several  men  acting  together. 
The  general  method  of  using  a  fire  engine  JB  shown  in  Fig.  103. 

Within  a  few  years  many  improvements  have  been  introduced 
into  the  fire  eagme,  one  of  the  most  important  bein<>  the  application 
of  steam  as  a  motor. 


The  Sucking  acd  Forcing  Pnmp. 

1314.  Tills  pninp  differs  from  ibe  forcing  pump,  described 
ill  Art.  I»C,  in  having  a  sucking  pipo,  which  terminates  at 
the  Kbojiiiig  y:i1vc.  Tlie  length  of  the  sucking  pipe  ongbt 
not  to  exci'i'd  30  feet,  but  thi\t  of  ibo  delivery  pipe  may  \>e 
of  any  ieugth  compatible  with  the  strength  of  the  pump. 


PUMPS    AND    OTHBB    HACHIHBS. 


139.  The  Siphon  is  a  bent  tube,  by  means  of  which  a 
Bqnid  may  be  traDsferred  from  one  reservoir  to  another,  over 
■o  intermediate  elevation.  The  siphoa  may  be  iised  with 
utvantage  when  it  ia  required  to  draw  off  the  upper  portion 
>f  a  liquid  without  disturbing  the  lower  portion.  This 
ipenttioa  ia  called  decanting. 


Fig.  ,108, 


The  ^phon  consists  of  two  bfanches  of  unequal  lengths,  aa 
BhowQ  in  Fig.  103.  The  shorter  one  is  plunged  into  the 
liquid  to  be  decanted,  and  the  flow  takes  place  from  the 
longer  one.  ■ 

'To  um  the  siphon,  it  must  first  be  filled  with  the  liquid.  This 
operation  may  be  efTected  by  applying  Iho  mouth  to  the  outer  end  of 


Hngt    Kxpliln  tie  opswUoii. 
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the  siphon,  and  exhausting  the  air  by  Buction,  or  it  may  be  inTertd 
and  filled  by  pouring  in  the  liquid,  and  atopping  both  ends,  tflv' 
which  it  is  again  inverted,  care  being  taJcen  to  open  both  ends  ittti 
same  instant.  Sometimes  a  sucking  pipe  is  employed  to  exhaust  thi 
air  and  fill  the  siphon. 

When  the  flow  commences,  it  will  continue  untH  the  liquid  in  tki 
first  reservoir  falls  below  the  level  of  the  end  of  the  siphon. 

To  understand  the  action  of  the  siphon,  we  must  confldv 
the  forces  called  into  play.     The  water  is  uiged  froia  i 
towards  b^  by  the  pressure  of  the  atmosphere  on  the  flddk 
the  resen^oir,  together  with  the  weight  of  the  water  in  th 
outer  branch  of  the  siphon;  that  is,  by  the  weight  of  a 
column  of  water  whose"  height  is  ab.    This  motion  ii  n- 
tarded  by  the  pressure  of  the  atmosphere  at  ft,  together  inA 
the  weight  of  the  fluid  in  the  inner  branch ;  that  is,  hjlb 
weight  of  a  column  whose  height  is  cd.     The  difference  of 
these  forces  is  the  weight  of  a  column  of  the  '  liquid  'whon 
height  is  the  excess  of  ab  over  cd,  and  it  is  by  the  ag^on  of 
this  force  that  the  flow  is  kept  up.    The  greater  this  dife- 
cnce  the  more  rapid  will  be  the  flow,  and  the  less  tlui 
difference  the  slower  tlie  liquid  will  escape.      When  tUt 
difference  becomes  zero,  the  flow  ceases  altogether. 

The  siphon  is  used  for  conveying  water  over  hills,  hnt  for  thii 
purpose  the  highest  point  of  the  tuhe  should  not  he  more  than  thirty 
feet  above  the  level  of  the  water  in  the  reservoir,  this  heing  about 
the  height  at  which  the  atmospheric  pressure  will  sustain  a  colama 
of  water. 

If  a  siphon  bo  mounted  on  a  piece  of  cork,  so  as  to  sink  as  the  level 
of  the  fluid  falls,  the  flow  will  be  constant.  Such  a  siphon  is  called 
a  siphon  of  constant  flow. 


Umo  long  wUl  the  Jlo\o  continue  t  Explain  the  prindple  tad  aotl<m  of  the  iIplMi 
in  detail  Bbio  high  can  water  be  raised  by  a  Hphon  t  J>$9orib4  a  9ipk«m  ^  mh 
etantjkno. 


BAIXOONINQ. 


Buoyant  Efibtt  of  the  Atmoaphers. 

'140t    It  has  been  ehown  that  a  body  plunged  into  a 
Iqnid  is  buoyed  up  by  a  force  equal  to  the  weight  of  the 
pi^ilaced  liquid.    That  a  similar  effect  ia  produced  upon  s 
■ddy  in  the  atmosphere, 
luy  be  shown  by  means 
ft  an  instrument  called  a 
\mroacope,  which  is  repre- 
Moted  in  Fig.  104. 
I?-""  "Hie  Baroscope  consists 
iitt  a  beam  like  that  of  a 
[  lull  II  in.  from  one  extrem- 
■Jty  of  which  ia  suspended 
a>  bollow  aphers  of  copper, 
and  from  the    other  ex- 
bemity  a  solid  sphere  of 
lead.    These  are  made  to 
balance  each  other  in  the 
atmosphere. 

If  the  instrument  be 
placed  under-  the  receiver 
of  an  air-pump  and  the 
ur  exhausted,  the  copper 
'^hercwill  descend.  This 
shows  that  in  the  air  it 
was  buoyed  up  by  a  force 
greater  than  that  exerted 
upon  the  leaden  sphere. 
I^  now,  the  leaden  sphere  be  increased  by  a  weight  equal 
to  that  of  a  volume  of  air  equal  to  the  biJk  of  the  copper 
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sphere  diminished  by  that  of  the  leaden  ephere,  it  will  be 
found,  aflcr  the  air  is  exhausted,  that  the  balance  is  in 
equilibrium.  Tliis  shows  that  the  buoyant  effort  is  equal  to 
the  weight  of  air  displaced.  Hence  we  have  the  follow- 
ing principle,  entirely  analogous  to  the  principle  ef 
AncuiMEDES : 

When  a  body  is  plunged  ifito  a  gas,  it  is  buoyed  up  ly 
a  force  equal  to  the  weight-of  the  displaced  gas. 

If  tho  buoyant  effort  is  greater  than  the  weight  of  the  body,  the 
latter  will  rise ;  if  it  is  less,  the  body  will  fall :  if  the  two  are  equal, 
tho  body  will  float  in  tho  atmosphere  without  either  rising  or  falling. 

Smoko,  for  example,  rises,  because  it  is  lighter  than  the  air  whidi 
it  displaces.  It  continues  to  rise  until  it  reaches  a  stratum  of  air 
where  its  weight  is  just  equal  to  that  of  the  displaced  air,  when  it 
will  come  to  rest  and  remain  suspended.  A  soap-bubble  filled  'mth 
warm  air  floats  for  a  considerable  time  in  the  atmosphere,  being 
nearly  of  tho  same  weight  as  the  displaced  air. 

Tho  Balloon. 

14  !•    A  Balloon  is  a  spheiical  envelope  filled  with  some 

gas  lighter  than  the  air. 

Balloons  are  of  very  different  sizes,  and  are  filled  with  gases  of  very 
difierent  specific  gravities,  and  consequently  capable  of  raising  very 
difierent  weights  in  ascending  to  the  upper  regions  of  the  atmosphere. 

The  first  balloon  was  constructed  by  Stephen  and  Joseph  Moht- 
GOLFiER,  two  brothers,  in  1783.  It  was  made  of  linen,  lined  with 
paper.  It  was  about  forty  feet  in  diameter,  and  weighed  560  lbs. 
It  was  filled  with  heated  air  and  smoke,  furnished  by  burning  wet 
straw,  paper,  and  tho  like,  under  the  balloon,  the  lower  part  of  which 
was  left  open  to  receive  it.  The  balloon  rose  to  a  height  of  more 
than  a  mile,  but  it  soon  became  cooled  in  the  upper  regions  of  the 
air  and  fell  to  the  earth. 


Give  the  law  of  buoyancy.  When  toitt  a  body  rise  in  the  a$mf*ap\ersf  When 
fitUt  When  remain  neutral  f  Examples.  (141.)  What  is  «  Balloon  T  Gi94im 
account  of  the  early  history  of  haUooning, 
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In  the  following  August,  two  brothers,  named  Robert,  constructed 
a  balloon  of  silk  saturatedi  with  india-rubber,  and  filled  it  with 
.  hydrogen  gas.  The  ascensional  power  of  this  balloon  was  very 
great,  and  being  set  loose  in  Paris,  it  rose  with  great  rapidity,  and  at 
the  end  of  four  minutes  had  reached  a  height  of  nearly  a  thousand 
yards,  when  it  was  ]ost  sight  of  by  entering  a  cloud.  It  descended 
fifteen  miles  from  Paris,  to  the  astonishment  of  the  people  who  saw  it 

Manner  of  filling  a  Balloon  and  making  an  ascent. 

1.42.  Balloons  may  be  filled  either  with  hydrogen  or  with  illu- 
minating gas,  which  is  a  compound  of  carbon  and  hydrogen.  On 
iaccount  of  the  readiness  with  which  the  latter  gas  can  be  obtained, 
together  with  its  cheapness,  it  is  generally  employed.  The  envelope 
is  made  of  silk,  rendered  air-tight  by  some  kind  of  varnish,  and  is 
strengthened  by  a  network  of  cords.  This  network  also  serves  to 
sustain  a  wicker  basket,  or  car,  in  which  the  aeronaut  is  seated. 

Fig,  1 05  represents  the  method  of  filling  a  balloon,  and  preparing 
it  for  an  ascension.  Two  masts  are  erected  at  a  suitable  distance 
from  each  other,  at  the  tops  of  which  are  pulleys.  A  rope  passing 
through  a  loop  at  the  top  of  the  balloon,  also  passes  over  the  pulleys, 
and  serves  to  raise  the  balloon  during  the  process  of  filling. 

When  the  process  of  filling  commences,  the  balloon  is  raised  till 
it  is  three  or  four  feet  above  the  ground,  when  the  gas  is  introduced 
by  means  of  a  pipe  or  hose  which  connects  with  a  gasometer.  As 
the  balloon  fills  with  gas  it  is  held  down  by  ropes,  and  when  com- 
pletely filled,  the  opening  is  closed,  and  the  car  attached.  Care 
should  be  taken  not  to  fill  the  balloon  completely,  as  the  gas  expands 
in  rising,  and  unless  an  allowance  is  made  for  this  increase  of 
volume,  the  balloon  might  be  ruptured. 

To  regulate  the  ascensional  power,  the  car  is  ballasted  by  sand, 

f  contained  in  small  bags.     Everything  being  ready,  the  ropes  are 

detached,   and  the  balloon   ascends  with   greater  or  less  velocity, 

according  to  the  ascensional  force,  that  is,  the  excess  of  the  buoyant 

efibrt  over  the  weight  of  the  entire  balloon  and  its  cargo. 

When  the  aeronaut  finds  that  he  does  not  ascend  fast  enough,  he 
increases  the  ascensional*  force  by  emptying  one  or  more  of  the  sand 
c — — — • 

(14^)  WUhwh^arshdUooiMjilledr  ]Sxpl(U»  tk6  method  of  JUUng  a  balloon, 
JBow  is  ths  aseetiHonal  power  regulaUd  t 
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'  bftC!i.  In  like  manner,  in  deioisndiag,  if  the  velocit;  ia  loo  ffnt, « 
if  the  balloon  teuds  lo  fall  in  a.  dongeioijs  place,  tha  wai|{ht  of  tk 
balloon  is  diinioiiihed  by  emptying  wme  of  the  land  bags. 


Tig.  m 


To  render  the  descent  less  difficult,  the  aeronaut  is  provided  wiA 
an  anchor  or  grapple,  suspended  from  a  cord,  by  meanaof 'wbichhe 
oai)  seize  upon  some  terrestrial  object  when  he  cornea  uou  ttie  earlh. 
When  the  anchor  is  made  fast,  the  aeronaut  drawn  dowa  the  balliwn 
by  pulling  upon  the  cord.  The  anchor,  the  sand  ha^  and  tha 
wicker  car,  arc  represented  on  the  ground  in  Fig.  lQ4f 


Bou  tloti  On  ativnaut  m 


it  fiuHoOM  ^aiA^dmmmiitl 


POPULAB     PHYSICS,  153/ 5-^ 

At  the  top  of  the  balloon  is  a  valve  kept  closed  by  a  spring;  it 
can  be  opened  by  means  of  a  string  descending  through  the  balloon 
to  the  car  of  the  aeronaut.  When  he  wishes  to  descend,  he  opens 
the  valve,  and  allows  a  portion  of  the  gas  to  escape.  To  ascertain 
whether  he  is  ascending  or  descending,  the  aeronaut  is  provided  with 
a  barometer ;  when  ascending,  the  barometric  column  falls,  and  when 
descending,  it  rises.  By  means  of  the  barometer  the  height  at  any 
time  may  be  determined. 

The  Parachute. 

1.43*  A  PARA.CJHUTE  is  an  apparatus  by  means  of  which 
an  aeronaut  may  abandon  his  balloon,  and  descend  slowly 
to  the  earth. 

The  form  and  construction  of  a  parachute  is  shown  in 
Kg.  106.  It  consists  of  circular  piece  of  cloth,  15  or  16  feet 
in  diameter,  presenting,  when  spread,  the  form  of  a  huge 
umbrella.  The  ribs  are  made  of  cords,  which,  being  con- 
tinued, are  attached  to  a  wicker  car,  as  shown  in  the  figure.  ^ 

When  the  aeronaut  wishes  to  descend  in  the  parachute,  he  enters 
the  car  and  detaches  the  parachute  from  the  balloon.  At  first  he 
descends  with  immense  rapidity,  but  the  air  soon  spreads  the  cloth, 
and  then  acting  by  its  resistance,  the  velocity  is  diminished,  and  the 
aeronaut  reaches  the  earth  without  injury.  A  hole  is  made  at  the 
centre  of  the  parachute,  which,  by  allowing  a  part  of  the  compressed 
air  to  escape,  directs  the  descent  and  prevents  violent  oscillations 
that  might  prove  dangerous. 

The  parachute  was  first  tried  by  Blanchard,  who  placed  a  dog  in 
the  car,  and  detached  it  from  the  balloon.  A  whirlwind  arrested 
its  descent  and  carried  it  up  above  the  clouds,  where  Blanchard 
soon  after  fell  in  with  it,  to  the  great  joy  of  the  poor  animal.  A 
current  again  separated  the  two  voyageurs,  but  both  reached  the 
earth  in  safety,  the  dog  being  the  last  to  descend. 

J.  Garnsrin  was  the  first  man  who  ventured  to  descend  in  a 
parachute,  which  he  did  by  detaching  himself  from  a  balloon  at  the 


Wha:^i6  (he  use  of  ihs  wilce  at  the  top  t    What  is  the  ueo  of  ths  darofneM^f 
<1 43.)  "^liat  is  A  Panelrator    Deeeribe  it.    Explain  it9  u«e  and  oetiotv* 
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height  of  a  thousand  yards  above  the  surface  of  the  earth.     He 
descended  in  safety. 


Remarkable  Balloon  Asoensions. 

14I4*  The  first  ascension  was  made  in  October,  1783,  by  De 
RoziXK.  His  balloon  was  filled  with  heated  air,  and  was  confined  by 
a  rope,  to  that  he  only  rose  to  a  height  of  about  a  hundred  feet.  In  the 
following  year  Ds  Bozier  and  D'Arlandes  ascended  in  a  fire  balloon 
from  the  Bois  de  Boulogne,  and  after  a  voyage  of  twenty -five  minutes 
they  descended  on  the  other  side  of  Paris.  In  a  subsequent  ascent 
Djc  Rozier  lost  his  life  in  consequence  of  his  balloon  taking  fire.  In 
1785,  Blanchard  and  Jeffries  crossed  the  English  Channel  from 
Dover  to  Calais.  During  the  voyage  they  had  to  throw  overboard 
all  of  their  ballast,  then  their  instruments,  and  finally  their  clothing, 
to  lighten  the  balloon.  In  1804,  Gay  Lussac  ascended  to  the  height 
of  23*000  feet  above  the  level  of  the  sea.  At  this  height  the  baro- 
metric column  fell  to  12.6  inches,  and  the  thermometer,  which  at 
the  sfurface  of  the  earth  was  31**,  fell  to  9^**  below  0. 

At  such  heights,  substances  which  absorb  moisture,  like  paper  and 
parchment,  become  dry  and  crisp  as  if  heated  in  an  oven,  respira- 
tion becomes  difficult,  and  the  circulation  is  quickened  on  account  of 
the  rarefaction  of  the  air.  Gay  Lussac  relates,  that  his  pulse  rose 
from  66  to  120.  The  sky  becomes  almost  black,  and  the  silence 
that  prevails  is  frightful.  After  a  voyage  of  six  hours,  Gay  Lussac 
dlescended,  having  travelled  about  ninety  miles. 

On  the  1st  of  July,  1859,  Messrs.  Wise,  La  Mountain,  Gager, 
and  Hyde,  ascended  from  St.  Louis,  Mo.,  and  descended  at  Hender- 
son, Jefferson  Co.,  N.  Y.,  having  travelled  1150  miles  in  a  little  less 
than  twenty  hours,  or  about  fifty-seven  miles  per  hour.  This  is  the 
most  celebrated  voyage  on  record. 

Balloons  have  been  used  with  some  success  in  military  operations. 
As  means  of  travelling,  they  have  thus  far  proved  of  no  value,  on 
account  of  the" difficulty  of  directing  their  course. 


( 144.)  DeacHbe  some  of  the  most  remarkable  Balloon  Ascenaiona.  That  of 
BoziBB.  Of  Blanohabt>  atvA  Jbpfeiks.  Of  Gat  Litbsao.  WJwt  ^ect  has  the 
aUnoaphere  at^feat  deoaUonef  Describe  the  great  American  voyage,  Usesqf 
tallooM«. 


CHAPTER    W. 

ACOUSTICS. 
I.  —  PRODUCTION      AND      PROPAGATION      OF      SOUND. 

Definition  of  Aoooitics. 

14  5«  Acoustics  is  that  branch  of  Physios  which  treats 
of  the  laws  of  generatiou  and  propagation  of  sound. 

Definition  of  Sound. 

146.  Sound  is  a  motion  of  matter  capable  of  affeGting 
the  ear  with  a  sensation  peculiar  to  that  organ. 

Sound  is  caused  by  the  vibration  of  some  body,  and  is 
transmitted  by  successive  vibrations  to  the  ear.  The  origi- 
nal vibrating  body  is  sard  to  be  sonorous.  A  body  which 
transmits  sound  is  called  a  medium.  The  principal  medium 
of  sound  is  the  atmosphere ;  wood,  the  metals,  water,  Ac, 
are  also  media. 


Fig.  107. 

Let  us  take,  for  illustration,  a  stretched  cord  which  is  made  to 
vibrate  by  a  bow,  as  in  a  violin,  for  example.  When  the  cord  is 
drawn  from  its  position  of  rest,  acbj  Fig.  107,  to  the  position  a(f6, 
every  point  of  the  cord  is  drawn  from  its  position  of  equilibrium ; 

(145.)  What  is  Acoustics ?  ( 1 40.)  What  is  Sound  ?  What  is  iAyaaae  t  How  is 
it  transmitted ?  What  is  a  sonorous  body?  A  medium?  EzamplK  Ildopla4»  th$ 
tibraUng  cord. 
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when  it  is  abandoned,  it  tends,  by  virtue  of  its  elasticity,  to  return  to 
its  primitive  state.  In  returning  to  this  position,  it  does  so  with  a 
velocity  ttiat  carries  it  past  acb  to  aeb,  from  which  it  returns  again 
nearly  to  o4b,  sjtd  bb  od  vibrating  backward  and  forward,  until,  after 
a  great  number  of  oecillations,  it  at  length  comes  to  rest.  These 
vibrations  are  the  canae  of  a  sound  which  may  reach  the  ear  through 
the  atmosphere. 

The  oscillations  of  sonorous  bodies  are  too  rapid  to  be  counted,  or 
even  to  be  seen  distinctly.  This  may,  however,  be  made  manifest  to 
the  eye  in  several  ways. 

For  example,  if  a  hollow  glass  globe  be  made  to  vibrate  by  striking 
it,  and  a  small  ball  of  ivory  be  brought  near  it,  a  Bucccsaion  of  shocks 
is  sufficient  to  make  the  vibratory  motion  manifest. 

If  a  plate  of  metal  be  fixed  at  one  of  its  paints,  and  then  made  to 
vibrate  by  drawing  a  violin  bow  over  one  of  its  edges,  flue  particles 
of  sand  strewn  over  it  wilt  be  seen  to  dance  up  and  down,  and  finally 
to  arrange  Ihemselves  in  curious  figures.  This  motion  of  the  parli- 
oles  of  sand  is  due  to  the  vibrations  of  the  plate,  and  it  serves  to  make 
them  vanifest  to  tlie  eye. 


^, 


fig.  108, 

Propagation  in  Air.  —  Boond-WaveB. 

147.    The  vibrations  of  a  eonoroua  bo3y  give  rise  to 
corresponding  vibrations  in  the  surrounding  air,  which  are 
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trausmitted  by  a  successiou  of  condensations  and  rare&o- 
tioDS,  as  represented  in  Fig.  108,  until  at  last  thej  reach  the 
ear  and  produce  the  sensation  of  sound. 

The  vibrations  of  the  air  communicate  corresponding 
vibrations  to  the  tympanum  or  drum  of  the  ear,  whence 
they  are  transmitted  by  a  very  complex  mechanism  to  the 
auditory  nerve,  and  so  to  the  sensorium,  or  seat  of  sensa- 
tion; 

The  aerial  vibrations  emanating  from  a  sonorous  body  spread  otit- 
wards  in  successive  spheres;  hence  sound  is  transmitted  in  all 
directions. 

An  idea  of  the  successive  spheres  or  undulations  may  be  had  by 
dropping  a  stone  upon  the  surface  of  a  pond  of  still  water,  and 
noticing  the  successive  waves  as  they  follow  each  other  to  the  shores. 
The  central  particles  continue  to  oscillate  like  those  of  the  cord 
already  described,  and  at  each  oscillation  a  new  wave  or  undalatioa 
is  generated. 

Oo-ezistenoe  of  Sonorous  Waves. 

148.  It  is  to  be  remarked  that  many  sounds  may  be 
transmitted  through  the  air  simultaneously.  This  shows 
that  the  sound  waves  cross  each  other  without  modification. 
In  listening  to  a  concert  of  instruments,  a  practiced  ear  can 
detect  the  particular  sound  of  each  instrument. 

Sometimes  an  intense  sound  covers  up  or  drowns  a  more  feeble 
one ;  thus,  the  sound  of  a  drum  might  drown  that  of  the  human  voice. 
Sometimes  feeble  sounds,  which  arc  too  faint  to  be  heard  separately, 
by  their  union  produce  a  sort  of  murmur.  Such  is  the  cause  of  the 
murmur  of  waves,  the  rumbling  sound  of  a  breeze  playing  through 
the  leaves  of  a  forest,  and  the  indistinct  hum  of  a  distant  city. 

It  has  been  shown  that  two  sound-waves  may,  under  certain  cir- 
cumstances, neutralize  each  other,  producing  silence. 

How  imparted  to  the  auditory  nerve?  What  is  the  form  of  a  sotind-wcuv  in  ihe 
airt  Illustrate  dy  waves  on  a  pond.  (148.)  Do  Boand-wayes  iBterHBre  with 
each  other's  progrefls?  How  shown?  Sxplain  the  murtiwr  qf  Uaw%*  Wa/om, 
0/  a  eUy, 
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Somid  iB  not  propagated  in  a  Vacuum. 

149.  That  some  medium  is  necessary  for  the  trans- 
mission of  sound,  may  be  shown  by  the  following  experi- 
ment. 

In  a  glass  globe  with  a  stop-cock,  is  suspended  a  bell,  as 
shown  in  Fig.  109.  When  the  globe  is 
shaken,  the  sound  of  the  bell  is  distinctly 
heard.  If  the  air  be  exhausted  from  the 
globe,  no  sound  ifli>heard  when  the  globe 
is  shaken. 

This  experiment  may  be  perfoimed 
otherwise  as  follows : 

A  bell  is  placed  under  the  receiver  of 
an  jdr-pump,  provided  with  a  striking 
apparatus  set  in  motion  by  clock-work.      ^        ^^*  ^^^* 
Before  the  air  is  exhausted,  the  strokes 
of  the  hammer  on  the  bell  are  distinctly  heard,  but  as  the 
air  is  exhausted  the  sound  becomes  fainter  and  feinter,  till 
at  last  it  ceases  to  be  heard. 

For  the  complete  success  of  this  experiment,  the  bell  and 
clock-work  should  be  placed  upon  a  cushion,  of  some  sub- 
stance which  does  not  readily  transmit  sound. 

In  ascending  high  mountains,  the  air  becomes  rarefied,  and  a  cor- 
responding diminution  in  the  intensity  of  sounds  is  observed. 
SAI788URE,  on  firing  a  pistol  on  the  summit  of  Mt.  Blanc,  reports 
that  it  produced  only  a  feeble  sound,  like  that  heard  on  breaking  a 
stick.  jj 

Propagation  of  Sound  in  liquids  and  Solids. 

V 

150.  Sound  is  transmitted,  not  only  by  gases,  but  also  by 
liquids  and  solids.    Divers  hear  sounds  from  the  shore  when 


( 149.)  H«w  is  it  shown  that  soand  is  not  transmitted  in  a  yacnnmf  Another 
method  of  showing  the  same  thing.  iS^fct  qf  elwaMon  on  tov/ncL  (  1 50«)  How  is 
It  shown  that  liquids  and  solids  transmit  sonnds? 
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under  water,  and  sounds  made  under  water  are  heard  on 
shore.  A  slight  sound  made  at  one  end  of  a  long  stick  of 
timber  is  distinctly  heard  by  an  ear  at  the  other  end,  even 
when  it  might  be  inaudible  at  an  equal  distance  through  the 
air. 

The  earth  transmits  sounds,  and  by  placing  the  ear  in  con- 
tact with  it,  sounds  may  be  distinguished  at  a  great  distance. 
This  method  of  hearing  approaching  footsteps  of  men  or 
animals,  is  well  imderstood  by  hunters.  In  the  constmption 
of  subterranean  galleries  for  mining  purfpses,  the  mmer  is 
often  guided,  as  to  the  direction  lie  should  take,  by  ■omdl 
transmitted  through  large  masses  of  earth  and  rock. 


/  . 


Velocity  of  Sound  in  the  Aix*      ^ 

151«  That  sound  occupies  an  appreciable  time  in 
from  point  to  point  may  be  shown  by  man j  fiimiliAr 
amples.  If  we  notice  a  man  cutting  wood  at  a  distaaoe^  ire 
shall  perceive  his  axe  fall  some  time  before  the  sound  of  tihe 
blow  reaches  the  ear.  If  a  gun  is  discharged,  we  see  the 
flash  before  we  hear  the  report.  In  like  manner  the  flash 
of  lightning  is  seen  before  we  hear  the  thunder.  * 

In  1822,  a  number  of  scientific  men  undertook  a  series  of 
very  nice  experiments  to  determine  the  velocity  of  sound. 
They  placed  a  cannon  on  the  hill  of  Montlery,  near  Paris, 
and  another  on  a  plain  near  Yille-Juif,  the  distance  between 
them  being  61,047  feet.  At  each  station  twelve  discharges 
were  made  at  intervals  of  ten  minutes;  the  discharges 
alternating  between  the  stations  at  intervals  of  five  minutes. 
Observers  placed  at  each  station  observed  the  intervals  of 
time  that  elapsed  between  seeing  the  flash  and  hearing  the 
report  of  the  cannon  at  the  other  station.     (See  Fig.  110.) 


How  is  it  shown  that  the  earth  transinits  sound?  Illnstrate.  (151.)  How  is  it 
shown  that  sonnd  requires  an  appreciahle  tine  to  pass  from  plaee  to  place  f 
JUustnte.    Explain  the  experiments  mtk&«  ne«T  r«t\^ 
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The  average  of  these  intervals  at  both  stations  was  found  to 
be  64.8  sea,  giving  for  the  actual  velocity  of  sound,  Hi8 
feet  per  second. 

The  temperature  of  the  air  was  61°  F.  Sound  travels 
faster  in  heated  than  in  cold  air.  Making  allowance  for 
this  change  of  velocity,  and  reducing  the  velocity  to  what  it 
would  have  bee^  at  32°  F.,  we  have  lor  this  temperatnre, 
the  velodty  equal  to  1000  feet  per  second. 


A  knowledge  of  the  velocity  or  Bound  ensblea  as  to  determine  tho 
distuice  between  two  pointti.  Let  a  gun  be  fired  at  one  point,  and 
let  an  observer  note  the  time  between  the  fiash  aud  report ;  multiply 
the  number  of  seconda  elapsed  by  1090,  we  have  the  diBtancB  re- 
quired. When  great  accuracy  is  required,  the  temperature  of  the 
air  must  be  taken  into  account.  In  a  simitar  wa.y  we  may  delermine 
the  depth  of  a  well,  by  dropping  a  stone  and  noting  the  time  between 
the  instant  when  it  strikes  the  water  and  that  at  which  the  sound 
reaches  tho  ear. 

The  velocity  of  sound  is  not  the  same  in  all  gases.  It  is,  in 
general,  greater  In  the  rarer  gases.    But  in  the  same  gas,  all  sounds^ 
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whether  strong  or  feeble,  grave  or  acute,  are  transmitted  with  the 
same  velocity.  If  we  listen  to  a  band  at  a  distance,  the  notes  reach 
us  exactly  in  the  same  order  that  they  are  played,  and  the  sounds  of 
all  the  instruments  are  heard  together. 


Velocity  of  Sound  in  Liquid!  and 

15a.  Liquids  and  solids  transmit  sound  more  rapidly 
than  air.  Experiments  made  by  transmitting  sound  across 
the  Lake  of  Geneva,  in  Switzerland,  show  that  the  velocity 
of  sound  in  water  is  about  4700  feet  pdt  second,  which  is 
more  than  four  times  its  velocity  in  air. 

That  sound  travels  fiister  in  iron  than  in  air,  may  be  shown 
by  placing  the  ear  at  one  extremity  of  a  long  iron  bar  or 
tube,  whilst  it  is  struck  on  the  other  end  with  a  hammer. 
Two  sounds  will  be  heard,  the  first  transmitted  through  the 
iron,  and  the  second  through  the  air.  It  has  been  shown 
that  sound  is  transmitted  seventeen  times  &ster  in  iron  than 
in  air.  The  velocity  of  sound  is  not  so  great  in  the  other 
metals. 

Reflection  of  Soond. 

153.  Sound  is  propagated  through  the  air  in  spheAcal 
waves.  (Fig.  108.)  When  these  waves  meet  with  an 
obstacle  they  are  driven  back,  as  an  elastic  ball  is  when 
thrown  against  a  hard  wall.  The  waves  driven  back  take 
a  new  direction,  or  are  reflected.  The  laws  of  reflection  are 
the  same  as  those  which  govern  the  reflection  of  heat  and 
light,  which  will  be  explained  hereafter. 

Echoes. 

154«  An  Echo  is  a  repetition  of  a  sound,  caused  by  a 
reflection  of  the  sound-waves  from  an  obstacle  more  or  less 

■    ■■■1^  ii^,!  ■■-—   .1.  ,,  ,%  ■^■■■■■■- ,_■■_■  —  —  ■■■■■■■■■      ,m^   ■■  ^  ■ 

Do  all  sounds  tra'cel  with  equal  velocity  f  Hovo  ehownt  (15S.)  How  was  it 
shown  that  sound  travels  faster  in  water  than  in  air  ?  In  iron  than  in  air  ?  (1 630 
E]q>]ain  the  reflection  of  sound.   (154 )  What  is  «n.  "Echo! 
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remote.  Thus,  if  we.  pronounce  in  a  loud  voice  a  sentence 
at  a  cert^  distance  from  a  rock  or  a  building,  we  often 
hear,  after  an  instant,  the  same  sentence  as  if  repeated  at  a 
distance  by  another  person. 

This  is  due  to  reflection  of  the  sound-waves  from  the  rock 
or  building.  In  order  that  any  echo  may  be  clearly  dis- 
tinguished, the  reflection  must  take  place  from  an  obstacle 
which  is  at  least  109  feet  distant. 

It  is  not  possible  to  pronounce  or  to  hear  distinctly  more  than  five 
syllables  in  a  second.  The  velocity  of  sound  being  1090  feet  per 
second,  it  follows  that  sound  travels  218  feet  in  one  fifth  of  a  second. 
If,  then,  an  obstacle  be  placed  at  the  distance  of  109  feet,  sound  will 
go  to  it  and  return  in  one  fifth  of  a  second.  At  the  distance  of  109 
feet,  the  last  syllable  only  of  the  echo  will  reach  the  ear  after  the 
sentence  is  pronounced.  Such  an  echo  is  called  monosyllabic.  If 
the  echo  takes  place  from  an  obstacle  at  a  distance  of  218  feet,  we 
hear  two  syllables ;  that  is,  the  echo  is  dissyllabic.  At  distances  qf 
327  feet,  the  echo  is  trisyllabic^  and  so  on. 

Sound  may  be  reflected  from  several  objects  situated  in 
different  directions  and  at  different  distances.  Such  echoes 
are  called  m/ultiple  echoes.  It  is  said  that  at  a  place  three 
leagues  from  Verdun,  a  multiple  echo  formed  by  parallel 
walls  fifty  or  sixty  yards  apart,  repeats  a  sound  twelve  times. 
At  the  chateau  of  Simonnetta,  in  Italy,  there  is  an  echo 
which  repeats  the  report  of  a  pistol  from  forty  to  fifty 
times. 

Echoes  modify  the  tones  of  sound.  Some  repeat  sounds 
with  a  roughened,  others  with  a  softened  tone ;  some  with 
a  sneering,  others  with  a  plaintive  accent. 

Resonanoe. 

155.  When  sounds  are  reflected  fi-om  obstacles  at  a  less 
distance  than  109  feet,  the  reflected  sound  is  superposed 

Illustrate.  What  causes  the  echo  ?  Explain  the  monoayUahic^  dissyllaMc,  and 
trit^labie  eehoea.  What  are  malUple  echoes?  Examples.  What  effect  have  eehoM 
on  th>6  tone  of  a  sound  ?       (155.)  What  is  a  Besonance? 


164  POPULAR.  PHYSICS. 

upon  the  direct  one,  giving  rise  to  a  strengthened  sound, 
which  is  called  a  Hesonance. 

It  is  the  resonance  from  the  walls  of  a  room  that  makes  it  easier 
to  speak  in  a  closed  apartment  than  in  the  open  air.  The  resonance 
IS  more  clearly  perceived  when  the  walls  are  elastic.  In  rooms 
where  there  are  carpets,  curtains,  stuffed  furniture,  and  the  like,  the 
sound-waves  are  broken  up,  and  the  resonance  is  diminished  ;  but  in 
houses  where  there  is  no  furniture,  the  resonance  is  strengthened. 
Hence  it  is,  that  the  sound  of  voices,  footsteps,  and  the  like,  is  so 
strongly  marked  in  deserted  and  unfurnished  buildings. 

Xntenslty  of  Sound. 

156.  The  Intensity  of  sound  is  its  loudness.  The  in- 
tensity of  sound  depends  upon  the  force  with  which  the 
vibrating  particles  of  air  strike  upon  the  drum  of  the  ear. 
The  original  intensity  depends  upon  the  power  of  the  ex- 
citing cause. 

Oaiues  that  modify  the  Intensity  of  Sound*. 

157.  The  following  are  some  of  the  causes  that  modify 
the  intensity  and  rate  of  propagation  of  sound : 

1.  It  is  shown  by  theory  and  confirmed  by  experiment, 
that  the  intensity  of  sound  diminishes  as  the  square  of  the 
distance  from  the  sonorous  body  increases. 

This  is  expressed  by  saying  that,  the  intensity  of  sound 
varies  inversely  as  the  square  of  the  distance  from  the 
sonorous  body, 

2.  The  intensity  of  sound  diminishes  with  the  amplitude 
of  the  vibration  of  the  aerial  particles. 

When  a  cord  vibrates,  the  sound  is  observed  to  diminish  as  the 
vibrations  become  smaller,  and  when  the  vibrations  cease,  the  sound 


JUwtraU  by  MompUi.    (156.)  What  is  Intensity  f    On  wbst  d«p«ii<l  f    (1 57.) 
TFhmt  tn  the  lawB  of  intonsity?    1.  Effect  ot  &\«>t8Ac«n    %.  km^WtoA^  of  ylbnitlonr 
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18  no  longer  heard.  In  this  case  the  length  of  vibration  of  the  cord 
determines  the  length*  or  amplitude  of  the  vibrations  of  the  aerial 
particles. 

8.  The  density  of  the  air  modifies  sound.  When  the 
air  is  rarefied,  the  intensity  is  diminished.  This  fitct  has 
been  shown  by  the  experiment  of  a  bell  in  an  exhausted 
receiver. 

The  presence  of  watery  vapor  in  the  air  also  modifies  sound,  that 
substance  being  a  good  conductor  of  sound.  When  the  air  is  cooled, 
it  becomes  more  dense,  hence,  sounds  are  louder  in  cold  than  in 
warm  weather. 

4.  The  wind  modifies  sound.  The  velocity  of  sound  is 
increased  or  diminished  by  the  velocity  of  the  wind,  accord- 
ing as  the  direction  of  the  wind  conspires  with  or  opposes 
the  propagation. 

The  effect  of  the  wind  is  to  move  the  whole  mass  of  air,  carrying 
along  the  sound-waves  unaltered. 

5.  Sound  is  increased  in  intensity  when  the  sonorous  body 
is  in  contact  with,  or  even  in  the  neighborhood  of  another 
body  capable  of  vibrating  in  unison  with  it. 

Hence,  the  sound  of  a  vibrating  cord  is  reinforced  or  strengthened 
by  stretching  it  over  a  thin  box  filled  with  air,  as  in  the  violin.  In 
this  case  the  air  in  the  body  of  the  violin  vibrates  in  unison  with 
the  cord.  The  ancients  placed  in  their  theatres  vessels  of  brass,  to 
reinforce  and  strengthen  the  voices  of  the  actors. 

Intensity  of  Sounds  in  Tubes. 

158.  When  a  sound  is  transmitted  through  a  tube,  the 
sound-waves  can  not  divierge  laterally,  and  consequently  the 


XauatraU.  Z,  Densitj  of  the  air?  JUiutraU.  4.  How  does  wind  modtfy  sound f 
5.  Effect  of  ft  neighboring  sonorous  body  ?  lUustrate.  (158.)  What  effect  has  a 
tube  on  eonnd?' 
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sound  ia  trEtnBmitted  to  a  great  distance  without  mndi  Ion 
of  intensity. 

M.  Bjot  was  able  to  carry  on  a.  convenatioii  in  a  low  fame  tliroagh 
a  tube  a  tiiouiand  feet  iu  length.  Ha  Fsya  that  the  Maud  vti 
transmitted  so  well,  that  there  woa  but  one  Vdy  to  avoid  being 
fae&rd,  and  that  was  not  to  Bpeak  at  all. 


This  property  of  tubes  ia  utilized  in  hotels  and  dwell in^-houaes, 
far  transmitting  meEsages  from  one  story  t«  another.  The  tubes 
employed  for  this  purpoES  are  called  speaking  tubes.  The  metbocl 
*  of  employing  the  e]>caking  tube,  is  illustrated  in  Fig.  111. 

The  Speaking  Tnunpat. 

159.  The  Speaking  Tbuiipet,  as  its  name  implies,  is 
!i  conical  tube  employed  to  transmit  the  voice  to  a  great 

Btot'b  anptrinnnt.    PraoHcul  appUcaUoai.    ( 1 69 )  What  It  ■  Bp«aUng  Tnim- 
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distance.    It  is  used  by  firemen  and  by  mariners,  as  shown 
in  Fig.  112, 


By  means  of  the  speaking  irnmpet.  the  voice  of  the  captain  can 
be  heard  above  Ihe  noise  of  the  winds  and  vi-aves  in  a  tempest. 
According  to  Father  Kikchkh,  Alexander  the  Grkat  employed  a 
speaking  trumpet  in  commanding  his  armiea. 

The  efftct  of  the  speaking  trumpet  has  been  explained  by  succes- 
sive reflections  of  sound-waves  from  the  sc^oroua  material  of  which 
the  instrument  is  composed,  by  virtue  of  which  the  voice  istraaa- 
tuitted  only  in  the  direction  of  the  tube. 

But  the  fact  is,  that  sound  is  transmitted  in  all  directions,  which 
would  indicate  that  its  effect  eboiild  be  attributed  to  a  reinforcement 
of  the  voice  by  the  vibration  of  the  column  of  air  contained  in  the 
trumpet,  according  to  the  principle  that  sound  is  reinforced  by  an 
auxiliary  vibrating  body. 


viitlRe  ifii^  qfihe  ipeatlng  trampet  eteplalned  t 
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Tho  Bar  TnunpoL 


160.    The  Eab  Tkcmpkt  is  a  trumpet  employed  bj 
perBoiu  whoae  Iieaiiog  is  defeotlvef  as  shofrn  in  Fig.  113. 


It  is  simply  the  speaking  trumpet  reversed.  It  serves  to 
collect  and  concentrate  the  sound-waves,  -which  are  thus 
enabled  to  produce  a  move  powerful  impression  on  the  drum 
of  the  ear.  The  shape  of  the  ear  in  man  and  ii 
such  as  to  perform  the  function  of  the  trumpet. 


Difference  between  a  Mnsioal  Sound  and  a  Holie. 

lei,    A  Musical  Sound  results  from  a  succession  of 
vibrations  of  equal  duration.     Such  vibrations  are  called 

inochronal 
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Noise  results  from  a  single  impulse,  or  from  a  succession 
of  vibrations  of  unequal  duration.  Thus,  the  crack  of  a 
whip,  the  discharge  of  a  pistol,  the  rattling  of  thunder,  or 
the  roar  of  the  waves  of  the  ocean,  are  destitute  of  musical 
«alue,  and  are  simply  noises. 

Pitch  of  Sounds.— Hflusio. 

163.  The  PrrcH  of  a  musical  sound  depends  upon  the 
frequency  of  the  vibrations.  Those  sounds  which  result  from 
very  rapd  vibrations,  are  called  acute,  whilst  those  which 
arise  from  very  slow  vibrations,  are  called  grave. 

The  terms  acute  and  grave  are  relative;  thus,  a  given  sound  may 
be  acute  with  respect  to  a  second,  whilst  it  is  grave  with  respect  to 
a  third ;  thus,  a  sound  which  corresponds  to  160  vibrations,  is  acute 
with  respect  to  one  corresponding  to  80  vibrations,  and  grave  with 
respect  to  one  corresponding  to  320  vibrations  per  second.  A  well 
arranged  and  happy  combination  of  grave  and  acute  sounds  accord- 
ing to  the  principles  of  harmony,  constitutes  music, 

limits  of  perceptible  Sounds. 

16S.    M.  Savart  investigated  the  subject  of  sound  with^ 
respect  to  the  number  of  vibrations,  corresponding  to  the 
most  grave  and  acute  sounds  perceptible  by  the  human 
ear,  by  means  of  an  apparatus  devised  for  that  purpose. 

As  the  result  of  his  investigations,  he  concluded  that  the 
gravest  perceptible  sound  was  produced  by  16  vibrations^ 
per  second,  and  the  most  acute  by  48,000  vibrations  per 
second.  Allowing  1090  feet  as  the  velocity  of  sound,  we 
find  for  the  length  of  the  waves,  corresponding  to  the 
gravest  sounds,  68  feet,  and  for  the  length  corresponding 
to  the  most  acute  sounds,  a  little  more  than  a  quarter  of 
an  inch. 


Whftt  is  ft  Noise  ?    1 62.  What  does  Pitch  depend  upon  ?   What  is  an  acnte  sonnd  ? 
AgTftve  one?    JUuHraU  by  eanamplM.    What  is  muHet    (163.^  W\io  VSlN^iMl* 
(itod  tlw  Umilv  of»ttdIble  goands  f    Give  the  results  of  his  inyestis&tVoiL 

S 
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.  The  limits  of  Bounds  employed  in  musio  are  nraefa  namnrer, 
especially  in  singing.  Savart  gives  for  Uie  grayest  soands  of  tte 
male  voice,  190  vibrations  per  second,  and  for  the  female  voice,  571 
For  the  most  acute  sounds  of  the  male  voice  he  gives  678  vibrationi 
per  second,  and  for  the  fdmalo  voice,  1606. 

Two  sounds,  corresponding  to  the  same  niimher  of  vibratioDS  per 
second,  are  in  unison, 

Mnrioal  8oale^--Oamiit« 

164.     The  ear  not  only  distingoighes  between  givei 

sounds— which  b  most  grave,  apd  which  is  most  acute ^bnt 

it  also  appreciates  the  relations  between  the  number  of  vibra- 
tions corresponding  to  each.  We  can  not  recognize  whether 
for  one  sound  the  number  of  vibrations  is  precisely  two> 
three,  or  four  times  as  great  as  for  another,  but  when  the 
number  of  vibrations  corresponding  to  two  sucoessiTe  or 
simidtaneous  sounds  have  to  each  other  a  simple  ratio,  these 
sounds  excite  an  agreeable  impression,  which  varies  with 
the  relation  between  the  two  sounds. 

From  this  principle  there  results  a  series  of  sounds  char- 
acterized by  relations  which  have  their  origin  in  the  nature 
'of  our  mental  organization,  and  which  constitute  what  is 
called  a  Musical  Scale, 

In  this  scale  sounds  recur  in  the  same  order  in  groups  of  seven. 
Each  group  constitutes  what  is  called  a  Gamut  of  seven  notes,  known 
by  the  names,  ut.  re.  Twt,  /a,  sol^  la,  si.  The  first  six  of  these  names 
are  the  first  syllables  of  the  first  six  verses  of  the  hymn  that  is 
chanted  at  Rome  at  the  feast  of  St.  John.  The  name,  5t,  has  been 
given  more  recently  to  the  seventh  note.  The  notes  are  more  gener- 
ally called  by  the  first  letters  of  the  alphabet,  A,  B,  C,  &c. 

The  word  gamut  comes  from  the  name  gamma,  the  third  letter  of 
the  Greek  alphabet,  because  Guido  D'Arezzo,  who  first  represented 

/  What  are  ths  UmiU  in  Hnging  t  When  are  *ound9  in  %imi*on  f  (1 04  )  WlHt  to 
•HoBlcal  Scale?  What  it  a  Cfamvtf  Why  «p  caUedf  Jfam€  HU  n^iUa  4^tk$ 
fomvi. 


.  mnaiOAL  souhbs;  xn 

notes  1]7>poiiit8pl«ee4  upon  parallel  lined,  d^ignated  these  lines 
hy  letters,  choosing  the  letter  gamma  to  deisignate  the  first  line. 

Intervals. — Accords. 


i#.  An  Interval  is  the  relation  between  two  sounds, 
that  is,  between  the  number  of  vibrations  corresponding  to 
those  sounds. 

■ 

*"  •  The  interval  between  two  snceeesive  notes  is  called  a  gecond/ 
thus,  the  interval  between  ut  and  re  is  a  second,  as  is  the  interval 
between  re  and  mi,  mi  and  /a,  and  so  on. 

If  the  interval  between  two  notes  comprises  one,  two,  three,  four, 
five,  or  six  notes,  this  interval  is  called  a  third,  fourth,  fifth,  sixth, 
seventh,  eighth,  or  octave.  For  example,  the  interval  between  ut  and 
mi,  is  tLjhird,  that  between  ut  and /a,  sl  fourth,  or  quarter,  and  so  on. 
FhiaH>r,  (he  interval  between  the  tU  of  one  gamut,  and  the  lU  of  the 
next  succeeding  gamut,  is  an  octave. 

The  coexistence  of  several  sounds  is  called  an  accord. 
When  the.  ear  can  distinguish,  without  fatigue,  the  relation 
between  two  sounds,  which  is  the  case  when  this  relation  is 
simp^  the  coexistence  of  these  sounds  is  called  a  conso-^ 
nance ;  when  the  ear  is  painfully  affected  by  the  coexist- 
ence, it  is  called  a  dissonance. 

The  most  simple  accord  is  the  unison,  in  which  the  number  of 
vibrations  are  e^ual ;  then  comes  the  octave,  in  which  the  number  of 
vibrations,  corr^ponding  to  oqe  sound,  is  double  that  corresponding 
to  the  other ;  then  the  fifth,  in  which  the  numbers  are  as  3  to  2 ; 
then  the  fourth,  in  which  the  numbers  are  as  4  to  3;  and  finally 
the  third,  in  which  the  ratio  is  that  of  5  to  4. 

When  the  numbers  of  vibrations  corresponding  to  three  simultane- 
ous sounds,  are  as  4,  5,  and  6,  the  combination  is  called  a  perfect 
accord.    For  example,  the  notes  uJt,  mi,  sol,  form  a  perfect  accord,  as 


(165.)  What  is  an  Interval?    What  fs  a  third,  fourth,  ftfth^  siaeth,  seventh, 

octave  t    What  is  an  Accord?    A  Consonance?    A  Dissonance?     WhaiU  the  Hin' 

'pUtit  aeeordt    The  nead  Hmplstftr   Jfeaa  three  4n  ordsrt    What  ie  a  perfect 
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io  tlw  notes  tot,  n,  re.     Ttaew  ucttrdB  produce  upon  the  eu  the 
moat  kgreeable  leiuatioa. 

A  ^M   Tuning  Fork 

I     166.     A  Tdninq  Fokk  is  an  inBtrument  used  in  tuning 
mumcal  instruments  of  fixed  sounds,  lilcc  the  piano. 

It  coDsists  of  a  plate  of  steel,  bent  into  the  shape  of  the 
letter  U,  monnted  upon  a  wooden  box,  as  shown  in  fig.  114. 
The  wooden  box  is  open  at  one  extremity,  and  serrea  to 


Kg.  11*. 


reinforce  the  sound,  which  would  otherwise  be  feeble.  Hie 
fork  is  made  to  sound  hy  drawing  across  one  of  its  hntncbes 
a  Tiolin  bow,  or  by  straining  the  branches  apart  by  a  wedge 
of  wood  or  metal,  and  then  suddenly  withdrawing  it,  or 
finally,  by  striking  one  of  the  branches  with  a  Eolid  body. 
The  tuning  fork  is  usually  constructed  so  as  to  sound  the  la, 
which  corresponds  to  856  vibrations  per  second. 

(ISft)  Wlu>t  buTonlnaFoAI    Daertlxlt    Haw  laUntdftoMoadl 
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Tramnrene  Vibratiqiui  of  Oords. 

167.  We  have  already  seen  (Art.  146),  that  when  a 
stretched  cord  is  drawn  from  its  position  of  equilibrium 
and  abandoned,  it  returns  to  its  position  of  rest  by  a  suc- 
cession of  continually  decreasing  vibrations. 

Cords  used  in  musical  instruments  are  generally  made  of 
catgut,  or  of  twisted  wires.  They  are  made  to  vibrate  by 
drawing  a  bow  across  them,  as  in  the  violin ;  by  drawing 
them  aside,  as  in  the  harp ;  or  by  percussion  with  little 
hammers,  as  in  the  piano.  In  all  of  these  cases,  the  vibra- 
tions are  transversal^  that  is,  the  movements  take  place 
perpendicularly  to  the  direction  of  the  cord. 

Iiaws  of  Transversal  Vibrations  of  Oords. 

168.  The  number  of  vibrations  of  a  stretched  cord  in 
any  given  time,  as  in  one  second,  for  example,  depends  upon 
its  length,  its  thickness,  its  tension,  and  its  density.  The 
followinjy  arp.  tJh»-l«iwfi  fV»o+  *w>-rr«'««»  ♦i"* "» /?    '^ 


amax- 


Mquently  render  more  aoute  sounds.    A  cord  of.  any  given  «i»e 

•»,'»    (168.)  Upo«»h.td««  the  number  of  Tlbratlon.  of  aeoridq^adt    Whrt 
UtheflmtUwJ   imutrate.   Th»e*»BdUwt   ZUu^vU. 
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makes  twice  as  many  vibrations  as  one  of  doable  the  sise.    OQw 
things  being  equal,  the  notes  rendered  differ  by  an  Octave. 

3.  The  length  and  size  being  the  same^  the  number  vf 
vibrations  varies  as  the  square  root  of  the  tension. 

If  a  cord  renders  a  given  note,  it  will,  if  its  tension  be  qaadmpled,' 
render  a  note  an  octavo  higher,  and  so  on.  This  property  is  ntilisfd 
in  stringed  instruments  by  means  of  an  apparatus  for  increasing  or 
diminishing  the  tension  at  pleasure. 

4.  Other  things  being  equals  the  number  of  vtbraHmt 
varies  inversely  as  the  square  root  of  the  density. 

Dense  cords  render  graver  notes  than  those  of  less  density.  Snull, 
light,  and  short  cords,  strongly  stretched,  yield  acute  notes.  LargSj 
dense,  and  long  cords,  not  strongly  stretched,  yield  grave  notes. 

Vexifioation  of  the  Xawb  of  VIbratloii. 

169.  The  laws  enunciated  in  the  preceding  article  aaj 
be  verified  by  means  of  an  instrument  called  a  Sonormf^r^ 


ORAS,  about  600  years  before  our  era.    In  its  present  form. 


'    The  third  law?    lUvstraU,    The  fourth  Uw ?    miutraU.    (160.)  HownfliTtlN 
preceding  laws  be  verified?    What  is  a  Sonometer  I 
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it  consists  of  a  wooden  box  about  four  feet  in  length,  upon 
whidfi  are  mounted  two  fixed  bridges,  A  and  JB^  and  a* 
moyable  one,  D,  On  these  bridges,  two  cords,  CD  and 
A,JS^  i^tened  firmly  at  one  end  and  passing  over  pulleys  at 
the  other  end,  are  stretched  by  means  of  weights,  P, 

•  Let  the  cords  be  exactly  alike  and  stretched  by  equal 
weights.  If  the  bridge  -Z>,  be  moved  so  as  to  render  CD 
equal  to  one  half  of  AB^  the  notes  of  the  two  cords  will 
differ  by  an  octave ;  that  is,  CD  will  vibrate  twice  as  fast 
itfi  AD.  If  CD  be  made  equal  to  one  third  of  AB^  by 
moving  the  bridge  -Z>,  the  former  will  vibrate  three  times 
as  fiuBt  as  the  latter,  and  so  on.  This  verifies  the  first  law. 
,  To  verify  the  secojid  law,  we  remove  the  bridge  Dj  and 
Txse  two  cords,  one  of  which  is  twice  as  large  as  the  other. 
It  will  be  found  that  the  notes  yielded  will  differ  by  an 
octave.  If  one  cord  be  taken  three  times  as  large  as  the 
other,  the.  latter  will  be  found  to  vibrate  three  times  as 
£ist  as  the  former. 

To  verify  the  t/iird  law,  let  the  two  cords  be  alike,  and 
stretch  one  by  a  weight  four  times  as  great  as  that  employed 
to  stretch  the  other.  The  notes  ^vill  differ  by  an  octave. 
If  the  stretching  force  in  one,  is  nine  times  that  in  the  other 
case,  the  former  will  vibrate  three  times  as  fast  as  the  latter, 
and  so  on. 

To  verify  the  fourth  law,  we  make  use  of  cords  equal  in 
length,  size,  and  equally  stretched,  but  of  different  densities. 
It  will  be  found  that  the  law  is  verified  in  each  case> 

Stringed  Instmmeiits. 

170.  All*  stringed  instruments  of  music  are  constructed 
in  accordance  with  the  preceding  laws.  They  are  divided 
into  instruments  with  fixed  sounds^  and  instruments  with 
variable  sounds. 

Describe  it  ,  How  is  the  first  law  verified?    The  wtwall    The  third?    Tha 
fourth?    (170.)  now  are  stringed  instmments  clused? 
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To  tho  former  class  belong  the  piano,  the  harp,  &c  They 
have  a  cord  for  each  note,  or  else  an  arrangement  is  made 
so  that  by  placing  the  finger  at  certsdn  points,  as  in  the 
guitar,  the  same  cord  may  be  made  to  render  several  notes 
in  succession. 

To  the  latter  class  belong  the  violin,  the  violoncello,  Ao. 
They  are  provided  with  cords  of  catgut,  or  sometimes  of 
metal,  put  in  vibration  by  a  bow.  Various  arrangements 
are  made  for  regulating  the  notes,  such  as  increaang  the 
tension,  placing  the  finger  upon  the  cords,  and  the  £ke. 
These  instruments  are  difficult  to  play  upon,  and  reqmie 
great  nicety  of  ear,  but  in  the  hands  of  skillful  players  they 
possess  great  power.  They  are  the  soul  of  the  orohestra, 
and  it  is  for  them  that  the  finest  pieces  of  music  have  been 
composed. 

Sound  from   Pipes. 

171.  When  the  air  in  SLpipe^  or  hollow  tube,  is  put  into 
vibration,  it  yields  a  sound.  In  this  case,  it  is  the  air  which 
is  the  sonorous  body,  the  nature  of  the  sound  depending 
upon  the  form  of  the  pipe  and  the  manner  in  which  the 
vibrations  of  its  contained  air  are  produced. 

To  produce  a  sound  from  a  pipe,  the  contaiined  air  must 
be  thrown  into  a  succession  of  rapid  condensations  and 
rarefactions,  which  is  effected  by  introducing  a  current  of 
air  through  a  suitable  mouth-piece,  I'wo  principal  forms  are 
given  to  the  mouth-piece,  in  one  of  which  the  parts  remain 
fixed,  and  in  the  other  there  is  a  movable  tongue,  called 
a  reed. 

Pipes  with  fixed  IMTouth-pieoes. 

172.  Pipes  with  fixed  mouth-pieces  are  of  wood  or 
metal,  rectangular  or  cylindrical,  and  always  of  considerable 


Examples  of  each  class.  Which  are  most  difficult  to  play  upon  ?  (  1  Tl «)  What  is 
the  sonorous  body  in  the  case  of  a  pipe  ?  How  thrown  Into  vibration  ?  What  Is  a 
mouth-piece  t  How  many  forms?  (1 72.)  What  are  tiie  ciiaracteristlca  of  pipes 
with  fixed  moath-piece&f 
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langth  c<»npared  with  their  cross  section  To  this  class 
belong  the  flate,  the  oi^n  pipe,  and  the  like  Some  of  the 
fbrma  given  to  pipes  of  this  class  are  shown  in  Figs,  lid, 
117,  llff,  119,  and  120.' 

Fig-  116  repreMnts  a  rectangular  pips  of  wood,  and  Fig.  tl7 
ahows  the  form  of  its  loositudmal  Mction     P  represents  the  tub* 


Fig.  lis.   Ftg.llB. 


nt.m. 


through  which  sir  is  forced  into  it.  The  air  passes  through  a  narrow 
opening,  i,  called  the  vtnt.  Opposite  the  vent  is  an  opening  in  the 
side  of  tho  pipe,  eatled  the  moutk.  The  upper  border,  a,  of  the 
month,  ii  bevelled,  and  h  called  the  upper  tip,  the  lower  border  is  not 
'  bevelled,  snd  is  called  iKe  lotner  lip. 


Ouaiiba  tht  movth-pUet.    Tht  «< 


TU  moutk.    IKa  Kpt. 
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The  current  of  air  forced  through  the  Tent  ttrikes  againit  the' 
upper  lip,  is  compressed,  and  by  its  elasticity,  reacts  npon  the  eate^ 
ing  curreut,  and  for  an  instant  arrests  it  This  stoppage  is  only  for 
ail  instant,  for  the  compressed  air  finds  an  outlet  through  the  month, 
again  permitting  the  flow.  No  sooner  has  the  flow  commenced  thsa 
it  is  a  second  time  arrested  as'  before,  again  to  be  fiestimed,  and 
so  on. 

This  continued  arrest  and  release  of 
succession  of.  vibrationji,  which  are  pr 
causing  alternate  and  rapid  condensati 
result  in  a  continuous  sound.  The  vibr 
the  current  introduced  is  stronger,  and 
nearer  the  vent.     Such  is  the  nature  of 

Fig.  118  represents  a  second  form  of 
in  section  in  Fig.  119.     This  is  but  a  rat 
explained.    The  letters  indicate  the  san 
figures. 

Fig.  120  represents  the  form  of  the  r 
and  it  will  be  scon  that  it  bears  a  el 
already  explained. 

In  the  flute,  an  opening  is  made  in  th< 
arrest  and  flow  of  the  current  are  efiecte 
lips  of  the  player. 


3  rise  to  t 
.  the  tube, 
ons,  whidi 
•re  rapid  u 
approaches 

\  is  shown 
ipe  already 
I  preceding 

e  flageolet, 
to  the  pipes 

pe,  and  the 
nent  of -the 


Reed  Pipes 

ITS.  In  Reed  Pipes  the  mout 
a  vibrating  tongue,  called  a  Jteed^ 
air  is  put  in  vibration.  To  this  g 
the  hautboy,  and  the  like.    The  re 

as  to  1>.  a,  "v.'ni,^  the  sirfeb  of  the 


^ded  whh 

whioh  the 

:  clarionet, 

aiTanged 

inay  play 


frcjely  thvrty.  ^\  the  OY^ewin'.;  la  ih/t  \\ 

r.c'^.  IJl  and  122  show  the  arrangement  of  a  reed  of  the  first  kind. 
A  piece  of  metal,  a,  shaped  like  a  spoon,  is  fitted  with  an  elastic 
tongue,  Ij  which  can  completely  close  the  opening.      A  piece  of 


Explain  the  CLction  in  detail.  JTow  is  the  mouth-piece  in  the  JltUef  (  178.) 
What  is  a  reed  ?  What  are  some  of  the  reed  instruments  !  JSH^^plain  the  arrange' 
memt  c(fa  reed  cifikefirtA  bind. 
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DMiftl,  r,  whicb  may  be  eleratod  or  deprsned  by  a  »  rod,  b,  mttm 
to  langtben  or  ahortBn  the  vibrating  part  of  the  reed.  Thia  trrangs- 
ment  enables  ni  to  diminish  or  lacreane  the  rapidity  of  vibratioii  at 

.  The  mouUi-picee,  ui  described,  conoecta  with  the  tube  T,  and  is 
set  in  a  reetangular  boi,  KN,  which  is  in  communication  with  » 
bellows,  from  which  the  wind  is  supplied.  For  the  purpote  of  cIbm 
.demonitration,  the  upper  part  of  the  tube  KN,  hu  gUH  window* 
OB  three  sides  to  show  the  motioa  of  the  reed. 


FIC.UL 


S1g.l« 


When  ft  cnrrent  of  air  is  forced  into  the  tuba  KK,  the  reed  is  set 
in  rapid  vibration,  causing  a  siicceasion  of  rarefaetions  and  conden- 
sations in  the  air  of  the  pipe  T,  and  causing  it  to  emit  a  souncl.  The 
air  entering  the  tnbe  KN,  first  closes  the  opening  by  pressing  the 


180 


PC^ULAB    FIfTSIOR. 


roed  Agaiiut  it;  the  reod  then  lecoila  by  virtua  of  it*  eluti^tf,  pa. 
mitting  K  portion  of  eondenied  air  to  enter  the  pipe,  vhen  thomd 
is  again  preraed  agoiiut  Uie  opening,  and  lo  on  aa  long  u  the  od> 
rent  of  air  is  kept  up.  It  is  evident,  that  the  rapidity  of  vibratiaD 
will  be  increaoed  by  increasing  the  tension  of  the  air  from  tte 
bellows,  and  also  by  shortening  the  vibrating  part  of  the  reed. 

Fig.  123  ahows  the  arrangement  of  the  free  reed.  The  Tibntiag 
plate,  I,  is  placed  so  as  to  pafs  baokwardH  through  an  opening  in  ths 
side  of  the  tube  ca,  alternately  cloaiug  and  opening  a  eoiumnnioatioa 
between  the  tube  and  the  air  from  the  bellows.  The  regulator,  r,  it 
entirely  similar  to  that  shown  in  Figs.  121  and  122,  aa  are  ths 
remaining  parts  of  the  arrangement.  The  explanation  of  the  action 
of  this  species  of  reed  is  entirely  einilar  to  that  already  dworibed. 


Scplain  tilt  arraai/imtnt  fftht  Frtt  Had.     What  is  It,  madt  ofaMont 
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The  Bellowi. 

174.  '^Fig.  124  represents  one  form  of  the  JBeUoios^  used 
in  causing  pipes  to  sound.  It  is  worked  by  a  pedal.  The 
air  enters  a  valve,  /S,  through  which  it  passes  to  a  leathern  ' 
reservoir,  R,  The  top  of  the  reservoir  is  weighted  so  as  to 
force  the  air  into  a  box,  from  which  it  is  admitted  to  \he 
pipes  by  means  of  valves,  which  are  opened  and  shut  at  the 
will  of  the  player/ 

Wind  Instmments. 

1T5.  'Wnro  Instruments  of  music  consist  of  pipes, 
either  straight  or  curved,  which  are  made  to  sound  by  a 
current  of  air  properly  directed.  ' 

^  In  some,  the  current  of  air  is  directed  by  the  mouth  upon 
on  opening  made  in  the  side,  as  in  the 
flute.  In  others,  the  current  of  air  is  made 
to  enter  through  a  mouth-piece,  as  in 
the  flageolet.  In  others,  the  reed  is  used, 
as  in  the  clarionet.  In  the  organ,  there  is 
a  collection  of  tubes,  similar  to  those  shown 
in  Figs.  116  and  118.  In  some  instru- 
ments, like  the  trumpet  and  the  horn,  a 
conical  mouth-piece  is  used,  of  the  form 
shown  in  Fig.  125,  within  which  the  lips 
of  the  musician  vibrate  in  place  of  the 
reed.  The  rapidity  of  vibration  can  be 
regulated  at  wiU^ 


Fig.  185. 


( 1 740  I>08eribe  the  Bellows  used  with  wind  instruments.  ( 1 75)  What  sre  Wind 
Instruments  f  Explain  their  diffltoent  Tarietiea. 


CHAPTER  V. 

H  E  A.T. 
I.  —  OINIRAL  PS0PXRTII8  OF  BIAIL 

I>efiiiition  of  HmL 

1T6.  Heat  is  a  physical  agent  capable  of  exciting  in 
tis  the  sensation  "which  we  call  toarmth.  Absence  of  heat 
constitutes  cold, 

Theoxiei  of  HeaL 

ITT.    Two  principal  theories  have  been  advancecL  to 

explain  the  phenomena  of  heat. 

According  to  the  first  theory,  heat  is  a  fluid,  destitute  of 
weight,  and  capable  of  flowing  from  one  body  to  another. 
The  particles  of  this  fluid  mutually  repel  each  other,  and  are 
attracted  by  the  particles  of  other  bodies.  This  is  called 
the  emission  tJieory, 

According  to  the  second  theory,  heat  consists  of  a 
vibratory  motion  of  the  particles  of  bodies,  which  motion  is 
transmitted  from  one  body  to  another  through  an  elastic 
fluid,  called  etJier^  in  the  same  manner  that  sound  is  trans- 
mitted through  air.  The  warmest  bodies  are  those  in  which 
these  vibrations  are  most  rapid  and  most  extensive.  This 
is  the  \mdulatory  theory. 

According  to  the  emission  theory,  a  body  cools  by  losing 


( 176.)  What  l8  Heat?    Cold?     (177.)  What  two  theories  of  heat  hmy  beea 
Advanced?   EzpUin the emiaalon  theory.   The undulatoiy  thMfj. 
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apportion  of  the  fluid ;  according  to  the  nndolatory  theory, 
they  simply  lose  a  part  of  then*  motion. 

In  the  progress  of  science,  the  undulatory  theory  seems  to  be 
growing  into  favor,  but  for  the  purposes  of  explanation,  th0  emission 
theory  is  preferable. 

Oeneral  EflfootB  of  Heat 

ITS.  Heat,  accumulating  in  bodies,  penetrates  into  their 
substance,  and  uniting  with  their  ultimate  molecules,  gives 
rise  to  repellent  forces  which  counteract  those  of  cohesion. 
Hence,  the  most  noticeable  phenomenon  of  heat  is,  that  it 
causes  bodies  to  expand.  If  applied  in  sufficient  quantity, 
the  particles  of  solids  are  so'  far  repelled,  as  to  move  freely 
amongst  each  other,  becoming  liquid ;  or  if  still  greater 
quantities  of  heat  are  applied,  the  body  passes  into  a  state 
of  vapor.  When  heat  is  abstracted  from  a  vapor,  it  returns 
to  a  liquid  state,  and  if  still  more  heat  be  abstracted,  it 
becomes  solid,  and  if  the  process  be  continued,  the  solid 
goes  on  contracting  under  the  influence  of  the  molecular 
forces. 

.  Hence  we  say^  that  heat  dilates  bodies^  and  cold  contracts 
them.  Heat  also  converts  solids  into  liquids,  liquids  into 
vapors,  and  acting  upon  gases  and  vapors,  causes  them  to 
expand. 

,  Bspimsion  of  Bodies  by  Beat. 

1T9.  All  bodies  are  eitpanded  by  heat,  but  in  very 
difl^rent  degrees.  The  most  dilatable  bodies  are  gases, 
then  vapors,  then  liquids,  and  Anally  solids.  In  fluids  we 
regard  only  increase  of  volume,  but  in  solids  we  ^tinguish 
two  lands  of  expansion,  linear  expansion^  that  is,  expansion 
in  length,  and  expansion  of  volume. 


(178.)  Describe  tho  general  eflfSacto  of  heat  on  BoUdSw    On  liquids.    What  effeet 
liasiBold  on  vapors?    On  Itqalds?   ( 179.)  What  bodies  are  most  dilative?    Tli** 
toast  dOatabtot   What  to  linear  «ipaaflloiit   Eipanaton  of  ▼oinmet, 


IM 
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Fig-  126  nprsMntt  the  metW  of  ■hvoring  and  meuBrim  Ikt 
linear  eipaiuion  of  tha  metali.  A  rod  of  meUl,  A,  paMU  Umn^ 
two  metallic  aupporta,  being  made  !aet  U  one  ezireniily  I17  a  cUiiip- 
■creir,  B,  and  being  free  to  ezpaod  at  the  other  eitremit]'.  Tht 
free  end  abuu  against  the  short  end,  C,  of  a  levcT]  tho  loof  end,  D, 
of  vhicb  playa  in  front  of  a  Eradoaled  aro. 


When  the  rod  is  heated  by  placing  Sre  beneath  it,  as  sliown  in 
the  figOTB,  the  rod  A  eipands  and  the  expatiaion  u  shown  b;  th» 


BiiK  it  Ot  Ulnar  ttpaniimnifineUUt  (Aotmf 
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notioii  of  the  indox,  D.  When  the  rod,  J,  is  of  steel,  eopper,  silver, 
&e.,  the  Rinoimt  of  expulsion  varies,  m  is  shoim  by  the  difTerent 
kmoanta  of  diaplaoeraent  of  the  index.  Brue,  for  example,  expands 
more,  foV  the  Bama  amount  of  hesit,  than  iron  or  steel. 

Fig.  127  shows  the  method  of  dsmoostrating  that  bodies  undergo 
an  expansion  in  volume  when  heated.  A  ring,  A,  is  constructed  bo 
that  a  ball,  B,  passes  freeljr  through  it  when  ooid.  If  the  ball  be 
heat«d  in  a  furnace,  it  will  no  longer  pais  through  the  ring,  but  if 
allowed  to  cool,  it  again  falls  through  the  ring.  The  method  of 
making  the  experiment  is  fully  shown  in  the  figure. 

Liquids  and  gases  being  more  expansible  than  solids,  their  expan- 
siou  is  mora  easily  shown  by  ex- 
'  periment.  For  liquids,  we  take  a 
hollow  glass  sphere,  terminating  in 
a  narrow  tube,  open  at  the  top,  and 
fill  the  globe  and  a  portion  of  the 
■tern  with  some  fluid,  like  mercury, 
as  shown  in  Fig.  138.  If  beat  be 
applied  to  the  globe,  the  liquid  wilt 
rise  in  the  stem  from  a  towards  b, 
indicating  an  increase  of  volume  ; 
and  if  sufficient  heat  be  applied,  the 
liquid  will  fill  the  stem,  and  will 
ultimately  be  converted  into  vapor. 
If  the  liquid  is  allowed  to  cool,  it 
again  returns  to  its  original  volume. 

An  analogous  experiment  shows 
the  expansion  of  gases  and  vapors. 
A  bulb  of  glass  is  provided  with  a 
long  and  fine  tube  of  the  same  ma- 
terial, which  is  bent  twice  upon 
itself,  as  shown  in  Fig.  129.  An 
index  of  merenry  is  introduced  into 
the  stem  in  the   following  manner.  ^^ 

The  bulb  is  heated,  and  a  portion  of  ^^  ^^ 

th.  «,  »hid,  it  oonlUD.  ta  M,.n        ">■"  "'  ~ 
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out,  when  a  drop  of  mercury'  ia  poured  into.tha  fiiiiiiel,'a.    If  lii>; 
instrument  is  allowed  to  cool,  the  air  in -the  bulb  contraets,  anithe 
pressure  of  the  atmosphere  drives  the  drop  of  mercury  along  tin 
tube  to  some  position,  m. 

The  instrument  having  been  prepared  in  this  manner,  if  the  bulb 
is  held  in  the  hand  for  a  few  minutes,  the  air  beoomea  heated  and 
expands,  the  expansion  being  indicated  by  the  index  moving  to  aooM 
new  position,  as  n.    If  allowed  to  cool,  the  index  returns  to  m. 

From  what  precedes,  we  infer  that  heat  expands  aU 
bodies,  and  that  cold  contracts  them,  lliere  are  apparent 
exceptions  to  thb  law,  but  they  are  only  apparent.  Thin, 
bodies  capable  of  absorbing  water,  like  paper,  wood,  day, 
and  the  like,  contract  on  being  heated.  This  contraction 
is  only  apparent ;  it  arises  from  the  water  whieh  they  con- 
tain being  vaporized  and  driven  ofl^  which  produces  an 
apparent  diminution  of  volume  ;  after  they  are  thoroughly 
dried,  they  follow  the  general  law. 

The  phenomenon  just  explained  is  used  for  bending  abaoibent 
bodies.  To  elTect  this  they  are  heated  on  one  side  only,  whidi 
drives  out  the  water  from  that  side,  and  causes  them  to  bend  in 
that  direction.  It  is  this  principle  that  causes  wooden  articles  to 
warp,  and  therefore  demands  that  articles  of  furniture,  and  'wooden 
parts  of  buildings,  be  coated  with  oils,  paints,  or  varnishes,  to  pre- 
vent the  absorption  of  water. 

The  principle  of  expansion  and  contraction  is  often  utilized  in 
the  arts. 

A  familiar  example,  is  the  process  of  setting  the  tire  of  a  wagon- 
wheel.  The  tire  is  made  a  little  smaller  than  the  outer  periphery 
of  the  wooden  part  of  the  wheel.  It  is  then  heated,  and  placed 
around  the  wheel;  on  cooling,  it  Contracts  powerfully,  and  draws 
the  felloes  firmly  toge'ther.     The  same  principle  has  been  applied 


Whftt  Is  the  general  conclusion  with  respect  to  the  action  of  heat  and  ooldf 
Explain  the  apparent  exceptions  to  the  law.  Explain  the  procsM  of  vKurping 
Am  the  prinoipieB  ofeontraction  and  empamion  utUUedf  JSqfiainthe  opwaHUm 
qfeetU/ng  a  tire,    Qf  drawing  toalle  together* 


i8r. 

ia  bringing  the  walls  of  a  building  back  to  their  original  poeition 
after  they  had 'began  to  Beparate  from  each  other. 

Sensible  and  Latent  Heat.  —  Temperatore. 

180.  When  the  heat  received  by  a  body  is  attended 
with  an  increase  jof  warmth,  the  heat  is  said  to  be  sensible. 

In  certain  cases  a  body  may  receive  a  large  amount  of 
heat  without  any  increase  of  warmth.  Such  heat  is  said  to 
be  kUent 

The  temperature  of  a  body  is  the  degree  of  heat  which  it 
manifests:  if  the  body  grows  warm,  its  temperature  is  said 
to  rise ;  if  it  grows  cool,  its  temperature  is  said  to  falL 


.II. — THBBICOICETEBS: 

The  Thennometer. 

181.  A  Thebmometes  is  an  instrument  for  measuring 
temperatures. 

The  thermometer  depends  upon  the  principle  that  bodies 
expand  when  heated,  and  contract  when  cooled.  Ther- 
mometers have  been  constructed  of  a  great  variety  of 
materials.  For  common  purposes,  the  mercurial  thermome* 
ter  is  preferred,  on  account  of  the  uniformity  with  which 
both  mercury  and  glass  expand  when  heated. 

The  mercurial  thermometer  consists  of  a  bulb  of  glass,  at 
the  upper  extremity  of  which  is  a  narrow  tube  of  uniform 
bore,  hermetically  sealed  at  its  upper  end.  The  bulb  and  a 
part  of  the  tube  are  filled  with  mercury,  and  the  whole  is 
attached  to  a  frame  on  which  is  a  scale  for  measuring  the 
rise  and  fidl  of  the  mercury  in  the  tube. 


(180.)  What  U  sensible  beat  ?  Latent  beat  ?  Temperature  ?  (181.)  Wbat  Is  a 
Tbennometer  ?  On  wbat  prlndple  does  it  depend  ?  Wbat  ii  tbo  belt  thennometer 
for  common  nee  f   Deeoribo  a  mercurial  thermometer. 
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M«thod  of  making  a  Th«rmoiii0ter. 

189.  A  capillary  tube  of  glass  is  provided, 
of  uniform  bore,  upon  one  end  of  which  a  bulb 
is  blown,  and  upon  the  other  a  funnel,  as  shown 

in  Fig.  1 30. 

The  funnel  is  nearly  filled  with  mercury, 
which  is  at  first  preveuted  from  penetrating  into 
the  bulb  by  the  resistance  of  the  air  and  the 
smallness  of  the  tube.  The  bulb  is  therefore 
heated,  when  the  air  within  expands,  and  a  por- 
tion escapes  in  bubbles  through  the  mercury. 
On  cooling,  the  pressure  of  the  external  atmos- 
phere forces  a  quantity  of  mercury  through  the 
tube  into  the  bulb.  By  repeating  this  operation 
a  few  times,  the  bulb  and  a  portion  of  the  tube 
are  filled  with  mercury. 

The  whole  is  then  heated  till  the  mercury 
boils,  thus  filling  the  tube,  when  the  funnel  is 
melted  off  and  the  tube  hermetically  sealed  by 
means  of  a  jet  of  flame  urged  by  a  blow-pipe. 
On  cooling,  the  mercury  descends  to  some  point 
of  the  tube,  as  shown  in  Fig.  131,  leaving  a 
vacuum  at  the  upper  point.  It  only  remains 
to  graduate  it,  and  attach  a  suitable  scale. 
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Method  of  Graduation. 

183«  Two  points  of  the  stem  are  first  determined,  the  freezing 
and  the  boiling  point.  These  are  determined  on  the  principle  that 
the  temperatures  at  which  .distilled  water  freezes  and  boils,  are 
always  the  same,  that  is,  when  these  changes  of  state  take  place 
under  equal  atmospheric  pressures. 

The  instrument  is  first  plunged  into  a  bath  of  melting  ice.  as 
shown  in  Fig.  132,  and  is  allowed  to  remain  until  it  takes  the 


(182.)  Dweribe  the  prooew  o/jUling  a  ihermwneUr  wUh  msrcury.  Mow  it 
the  tub6  »Ml6d  t  ( 1 83.)  (?»  vih(U  principle  art  the  free»i/ng  and  boiling  poinit 
detem^nedt 


temperalnre  of  the  raixtare,  say  tirsnty  or  thirtr  miimlra.     A  rI 
■cratdi  ia  then  made  oa  Uie  item  at  the  upper  nulaoo  of  the  n 
'cury,  and  this  eonititates  the 
fretting  point. 

The  instrument  is  next 
plunged  into  a  bath  of  dis- 
tilled water,  in  a  state  of 
ebulUtioD,  care  heing  taken 
to  surmnnd  it  with  -ateam 
by  means  of  an  apparatus 
like  that  shown  in  Fig.  133. 
After  the  meronry  ceases  to 
rise  in  the  tube,  which  will 


,  the 


level  of  its  upper  snrfaee  is 
marked  on  the  stem,  by  a 
scratch,  as  before,  and  this 
conHtitutes  the  boiling  ptn'n/. 
The  space  between  the 
boiling  and  freezing  points  is 
then  divided  into  a  certain 
namber  of  equaJ  parts,  and 
the  graduation  is  continued 
above  and<  below  as  far  as 
may  be  desired.  These  di- 
visions may  be  scratched 
upon  the  glass  with  a  dia- 
mond, or,  as  U  usually  done, 
they  may  be  made  on  a  strip 
<^  metal,  -which  ia  attached 
to  the  frame.  The  diTisions  e 
of  scale  adopted. 


nc.m 
!  numbered  according  to  the  kind 


Thenuometw  Botim. 

1S4.    Three  .pi'iDcipal  scales  are  nsed :  the  Centigrade 
Bcale,  in  which  the  space  between  the  treezbg  and  boiling 
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points  is  divided  into  100  eqoil   parts,  called  dtgrttt; 

Jieaumta's  acaU^  in  wfaieh  the.sutte  spaoe  is  dividedfinto  80 

equal  parts,  called  degrees  ; 

nud  FaJirtnheiVa  scale,  ia 

which  thU  space  ia  divided 

into  180  equal   parts,  also 

called  de^ees. 

In  the  centigrade  scale, 
the  freeidng  point  is  marked 
0,  and  the  degrees  are  num- 
bered both  up  and  down, 
the  former  numbors  being 
considered  poaitive,  and 
designated  by  the  Mgn  +, 
whilst  the  latter  are  con- 
sidered negative,  and  dedg- 
natcd  by  the  sign  — .  Of 
course  the  boiling  point  ia 
marked  100°. 

Fig.  134  reproBents  n  ther- 
niometer  mounted  and  gr&ilu- 
atei  accordioi;  to  the  centigrade 
scale.  Ill  it  the  mercury  indi- 
cates 30°  C. 

In  Reaumur's  scale,  the 
freezing  point  is  marked  0, 
and  the  boiling-point  80°. 
The  degrees  below  freezing 
are  marked  as  in  tbe  centi- 
grade scale. 

In  Fahrenheit's  Bcale,  which  is  the  one  most  used  in  the 
United  States,  tlie  0  point  is  taken  32°  below  the  freezing 

Wlenla  thtDpotDtof  tha  cantlirtda  Kslaf  1 
teawbgDlnEpolBtnurkedr  Wb*r*  )■  thi  0  of  I 
poliitr    WhtnlitlwttsIlVUuailuilt'tialtl 


nil 

poiot,  and  the  divisions  are  numbered  irotn  this  point  both 
tip  and  down.  Tbe  boiling  point  of  dibtiiled  water  is,  then, 
,  312"  F.  /  -- 


^urandoii  of  Oentigrada 
and  ReBQinai^  Dagreoa 
InU   Falmnhoit'i. 

185>  A  degree  on  the 
'centigrade  scale  is  eguat'M 
one  and  eight  tenths  of  a 
'  degree  on  the  Fahrenheit 
scale,  and  one  on  Reaurour'a 
scale  is  equal  to  two  and 
m.  qaarter  on  Fahrenheit's. 
Hence,  to  convert  the  reading 
on  a  centigrade  to  an  equiva- 
lent one  on  Fahrenheit's  scale, 
mnltiply  it  by  1.8  and  add  to 
the  result  33°.  Thus,  a  read- 
ing of  25°  oentigrade,  is 
equivalent  to  25'  x  1.8  +  33*, 
or  T7°  F,  To  convert  a  read- 
ing on  ReaDmnr'i  scale  to  aa 
equivalent  one  on  Fahren- 
heit's, multiply  by  Si,  and  to 
the  result  add  S2°.  Thus,  a 
'readion'of  24*  Reaumur  is 
-  eqnivalent  to  24*  X  Si  +  33°, 
or  86°  F. 

By  ToTcrsing  tbe  above 
processes,  readings  on  Fah- 
renheit's scale  may  be  eon- 
verted  into  eqnivalent  ones  on 
the  eentigrade  or  Reanninr's 


' -nabolMDSpolntf   {Itti  MlBptakHht  iBta«a  ^  inmrms  TMdIittt  flom 
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Aloohol  Thmnometen. 

186.  An  Alcohol  Thebmometeb  is  similar  to  a  merco* 
rial  one  in  all  respects,  except  that  alcohol,  tinged  red,  is 
used  in  place  of  the  mercury. 

Because  alcohol  does  not  expand  regularly  with  a  reg:ular  increase 
of  temperature,  the  alcohol  thermometer  has  to  be  graduated  by 
experiment,  comparing  it  degree  by  degree  with  a  standard  mercariil 
thermometer. 

An  alcohol  thermometer  is  more  easily  filled  than  a  mercurial  one, 
no  funnel  being  required.  The  bulb  is  heated  until  a  portion  of  the 
contained  air  is  driven  off,  and  then  the  open  end  of  *the  tube  is 
plunged  into  a  vessel  of  alcohol.  '  As  the  air  in  the  bulb  cools,  the 
pressure  of  the  external  atmosphere  forces  a  portion  of  alcohol  up 
into  the  bulb.  If  this  be  boiled,  the  vapor  of  alcohol  will  expel  the 
remainder  of  the  air,  and  by  dipping  the  open  end  of  the  tube  into 
the  alcohol  once  more,  the  bulb  will  be  completely  filled,  when  it 
again  becomes  cool.  The  instrument  is  then  treated  like  the  merca- 
rial  thermometer. 

Relative  advantages  of  Mercurial  and  Alcohol  Thermometen. 

18T«  For  ordinary  purposes,  the  mercurial  thermometer  b  to 
be  preferred,  on  account  of  the  uniformity  with  which  the  mercury 
expands  with  a  uniform  increase  of  temperature.  But  mercury  con- 
geals at  39^  below  0  of  the  Fahrenheit  scale,  and  where  a  lower 
temperature  than  this  is  to  be  observed,  it  becomes  absolutely 
necessary  to  employ  the  spirit  thermometer.  In  the  severe  cold  of 
the  polar  regions,  mercury  often  congeals,  but  no  degree  of  cold  has 
yet  been  obtained  that  will  congeal  absolute  alcohol. 

For  high  temperatures,  mercury  is  alone  capable  of  being  used; 
this  liquid  does  not  boil  till  raised  to  662°  F.,  whilst  alcohol  boils  at 
174°  F.    The  latter  liquid  can  not,  therefore,  be  used  to  observe  tem- 


(186)  How  does  the  alcohol  differ  from  the  mercnrial  thermometer?  Bav  U 
Ihs alcohol thsrmomeUrffradtujUdt  Whyt  HowU  UJUUdt  (IST.)  Wkmi» 
the  alcohol  th^rmomeUr  pr^traibU  to  tht  tMrourial  ontf    WKeik  mimti  ih$  laMtr 

h€  U9€dt 
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peratures  higher  than  174^  F.,  nor  can  k  be  relied  upon  even  for 
temperatures  considerably  lower  than  this. 

It  is  to  be  observed,  that  mercury  can  not  be  relied  upon  for  tem- 
peratures lower  than  32°  below  0,  on  account  of  irregularities  in  its 
rate  of  contraction  below  that  limit. 


i!  Rules  for  using  a  Thermometer. 

1§8,  Before  noting  the  height  of  the  mercurial  colump, 
the  instrument  should  be  allowed  to  acquire  the  temperature 
of  the  medium  in  which  it  is  placed.  This,  in  general,  will 
require  some  minutes. 

In  determining  the  temperature  of  a  room,  the  thermom- 
eter should  not  be  hung  against  the  walls,  but  should  be 
fi-eely  suspended,  so  as  to  take  the  temperature  of  the 
atmosphere.  When  hung  against  a  wall,  especially  an  outer 
wall,  an  error  of  several  degrees  might  result.  Li  like  man- 
ner, if  hung  against  a  wall  containing  a  flue,  or  adjoining 
another  room  of  different  temperature,  a  similar  error  of 
several  degr^ees  might  result. 

To  determine  the  temperature  of  the  atmosphere,  the 
thermometer  should  be  freely  suspended  in  the  air  at  some 
distance  from  any  building  or  tree.  It  should  be  sheltered 
from  the  direct  action  of  the  sun's  rays,  as  well  as  from  the 
influence  of  reflecting  substances.  Furthermore,  it  should 
be  protected  from  winds  and  currents  of  air*^ 

>^' 

The  Differential  Thermometers. 

1§9.  A  DrppERENTiAL  THERMOMETER  is  a  thermometer 
contrived  to  show  the  difference  of  temperature  between 
two  places  near  each  other.  The  two  principal  forms  of  the 
differential  thermometer  are  Rumford's  and  Leslie's.^ 


When  can  the  former  anli/  he  wtdt  (188)  Wbit  precautions  are  to  be  taken 
in  noting  the  temperature  of  a  room?  Why?  In  noting  the  temperature  of  the 
atmotpbartf    (1 89-)  ^'^lutt  is  a  Diffnrential  Thermometer?  What  are  its  tvoformi? 

9 
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/ 

^  Rumford'i  Siffareotial  ThttinoBMter* 

too.  Rumford's  Diffcrential  Tilbrmometeb  is  repre* 
scnted  in  Fig.  135. 

It  consists  of  two  bulbs  of  thin  glass,  A  and  J7,  connected 
by  a  line  tube  bent  twice  at  right  angles,  as  shown  in  the 


rijj.  18R. 

figure.  The  whole  apparatus  is  attached  to  a  suitable 
frame,  which  supports  a  scale  parallel  to  the  horizontal 
branch  of  the  connecting  tube.  The  0  of  the  scale  is  at  its 
middle  point,  and  the  graduation  is  continued  from  it  in 
both  directions.  The  bulbs  and  a  large  part  of  the  connect- 
ing tube  are  filled  with  air ;  there  is,  however,  in  the  tube 
a  small  drop  of  fluid  which  separates  the  air  in  the  two 
extremities. 

The  instrument  is  so  constructed  that  the  index,  w,  is  at 
the  0  of  the  scale  when  the  temperature  of  the  two  bulbs  is 


(190)  Describe  BimroBD'ft  form.    SzpJaiA  Ut«  bc«1«.   ]&z|»Udii  ite  aeUon.   Hov 

b  the  M«le  grftdnated? 
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^tbe  same.  When  one  of  the  bulbs  is  heated  more  than  the 
other,  the  air  m  it  expands  and  drives  the  index  towards 
the  other,  until  the  tensions  of  the  air  in  the  two  bulbs 
exactly  balance  each  other. 

The  scale  is  divided  by  experiment  by  the  aid  of  a 
standard  mercurial  thermometer.         ->        . .        »    .  / 


jjui  Ci^u  >'- 


i'b  Differential  Thermometer. 

191.  Leslie's  Differential 
Thermomefer  is  shown  in  Fig. 
136.  It  differs  from  Rumford's, 
in  having  the  bulbs  smaller,  and 
in  containing  a  longer  column  of 
liquid  in  the  tube.  The  scales 
are  placed  by  the  sides  of  the 
vertical  portions  of  the  tube, 
having  their  0  points  at  the  mid- 
dle. There  is,  then,  a  double 
scale.  The  method  of  graduating 
and  using  this  thermometer  is 
the  same  as  that  described  in 
the  last  article. 

Pyr(»neter. 


I)  J 


Fig.l8& 


192.  A  Pyrometer  is  an  instrument  for  measuring 
higher  temperatures  than  can  bo  observed  by  means  of  the 
mercurial  thermometer. 

The  most  important  pyrometers  are  those  of  Wedgewood 
and  Brogniart.  The  former  is  founded  on  the  diminution 
of  the  volume  of  clay  at  high  temperatures,  and  the  latter 
on  the  principle  of  the  expansion  of  metals.  The  indications 
of  these  instruments  are  very  unreliable,  and  it  yet  remains 


( 101 )  Describe  Leslix's  Differential  Thermometer.  (192.)  What  is  a  Pyrd- 
meter?..  What  •re.the  most  important  ones?  What  is  the  priadpto  of  each?  Aft 
they  reliable  ?  ■-*- 
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to  discoTcr  some  accurate  method  of  measuring  tempenir 
turcs  higher  than  600''  F. 


III.  —  RADIATION     OF     HIAT. 

Propagation  of  Heat. 

193.  Heat  may  be  transmitted  from  one  body  to  another 
through  an  intervening  space.  This  is  shown  by  the  sen- 
sation experienced  on  standing  near  a  fire  or  heated  body. 

Heat  is  sent  forth  from  a  heated  body  in  all  directions  in 
the  same  manner  that  rays  of  light  proceed  from  a  lominooB 
body. 

Heat  thus  propagated  is  called  radiant  heat^  and  the 
lines  along  which  the  propagation  takes  place,  are  called 
rays  of  heat. 

The  property  of  radiating  heat  is  not  confined  to  incan- 
descent bodies,  like  a  candle,  the  sun,  or  burning  coals,  but 
it  is  common  to  all  bodies.  The  process  of  mutual  radiation 
is  continually  taking  place  between  bodies,  the  tendency  of 
which  is  to  produce  uniformity  of  temperature.      '  / 

Laws  of  Radiant  Heat. 

191.  The  radiation  of  heat  takes  place  according  to  the 
following  laws : 

1.  ITeat  is  radiated  equally  in  all  directions. 

This  law  may  be  verified  by  placing  thermometers  at  equal  dis- 
tances and  in  dififcrent  directions  from  a  heated  body. 

2.  Hays  of  heat  are  straight  lines. 

This  law  may  be  verified  by  interposing  a  screen  anywhere  in  a 
right  line  joining  the  heated  body  and  the  thermometer,  when  the 
thermometer  will  cease  to  rise. 

(193)  How  does  it  appear  that  beat  may  be  transmitted  tbroogb  spftce  ?  Wbit 
Is  radiant  beat?  What  are  rays  of  heat  ?  Is  radiation  continoally  going  on?  Tend- 
•ncjf  ( 194.)  What  is  the  first  law  of  radiant  he»t?  Mow  ^mi^t  What  to  te 
Moood  ianrf  MoiDvriJUdf 
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If  r^iant  heat  passes  from  one  rnedium  to  another,  hovreyer^  the 
rays  of  heat  are  bent  from  a  rectilinear  course.     This  bending  is 

called  refraction^  and  is  entirely  analogous  to  the.  refraction  of  light, 

» 

which  is  yet  to  be  explained. 

3.  The  inte7isity  of  radiant  heat  varies  directly  as  ihs 
temperature  of  the  radiating  hody^  and  inversely  as  th4 
square  of  the  distance  to  which  it  is  transmitted. 

The  first  part  of  this  law  is  verified  by  exposing  one  of  the  bulbs 
of  a  difierential  thermometer  to  a  blackened  cubical  box,  filled  with 
hot  water,  the  other  bulb  being  protected  by  a  screen.  If  the  water 
is  in  the  first  instance  of  a  given  temperature,  and  then  falls  to  a 
half,  or  a  third  of  that  temperature,  the  differential  thermometer  will 
manifest  a  half,  or  a  third  of  its  original  indication,  and  so  on  for 
any  temperature. 

The  second  part  of  the  law  may  also  be  verified  by  means  of  the 
difierential  thermometer.  In  this  case  the  heated  body  is  kept 
always  at  the  same  temperature,  and  one  bulb  of  the  differential 
thermometer  is  placed  at  different  distances  from  it.  It  will  be 
found  that  at  a  double  distance  the  indication  is  only  a  fourth  of  the 
original  indication,  at  a  triple  distance  only  a  ninth,  and  so  on. 

These  laws  are  rigorously  true  in  a  vacuum ;  in  the  air  they  may 
be  approximatively  verified,  but  not  absolutely,  on  account  of  the 
action  of  the  atmosphere  upon  radiant  heat,  as  will  be  explained 
hereafter. 

BSutual  Exchange  of  Heat  between  bodies. 

195.  The  process  of  radiation  of  heat  between  bodies  is 
mutual  and  continuous.  According  to  the  laws  given  in 
the  preceding  article,  those  bodies  which  are  most  heated 
give  off  most  heat ;  hence,  the  hottest  bodies  of  a  group 
give  off  more  heat  than  they  receive,  and  the  coldest  one3 
receive  more  than  they  give  off.  The  consequence  is  that 
there  fe  a  continual  tendency  towards  equalization  of  tem- 

Whiit  is  the  third  law  ?  Ebto  U  the  Jlrst  part  of  the  law  verified  t  T%e  second 
part?  Are  thete  laws  rigorously  true  in  the  air  t  ( 195.)  Explain  the  aci|9A  of 
nuliAtion  to  produce  nniformity  of  temperature. 
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pcratnre.  If  all  the  bodies  are  of  the  same  teinperatafe, 
each  will  give  off  as  much  as  it  receive^  and  no  farther 
change  of  temperature  can  occur.  The  process  of  radiation, 
however,  goes  on  as  before. 

All  tho  bodies  in  a  room,  for  example,  tend  to  come  to  a  uniform 
temperature.  Wo  say,  tend  to  come  to  a  uniform  temperature,  be- 
cause tliis  condition  is  never  fully  realized.  Bodies  nearest  the 
walls  are  continually  exchanging  heat  with  the  'walls,  and  as  these 
are  in  communication,  either  with  the  outer  air,  orvith  other  roomi, 
their  temperature  will  be  influenced  thereby,  and  will  in  turn  exert 
an  influence  upon  the  remaining  bodies  in  the  room. 


V. — REFLECnON,    ABSORPTION,    EMISSION,    AND    CONDUCnBILITT. 

Heflection  of  Beat.  M 

106.  When  a  ray  of  heat  falls  upon  the  surface  of  a 
body,  it  is  divided  into  two  parts,  one  of  which'  enters  the 
body  and  is  absorbed,  whilst  the  other  is  deflected  or  bent 
from  its  course.    Tliis  bending  is  called  reflection. 

The  point  at  which  the  bending  takes  place,  is  -called  the 
point  of  i7icidence.  The  ray  before  incidence  is  called  the 
incident  ray  ;  nfter  incidence  it  is  called  the  reflected  ray. 
If  a  perpendicular  be  drawn  to  the  surface  at  the  point  of 
incidence,  it  is  called  a  nonnal  to  the  surfiice  at  that  point. 
The  plane  of  the  incident  ray,  and  the  normal  at  the  point 
of  incidence,  is  called  the  plane  of  incidence.  The  plane  of 
the  normal  and  the  reflected  ray  is  called  the  plane  of  re- 
flection. The  angles  which  the  incident  and  reflected  rays 
make  with  the  normal,  are  called,  respectively,  arMes  of 
incidence  and  reflection,  i 


JUmtrnte  hy  the  example  of  articles  in  a  room  t  ( 1 96  >  What  is  Trfleetlon  of 
boat?  What  is  the  point  of  Incidence?  The  Incident  ray  ?  The refleotad ray f  The 
plane  of  incidence?  The  plane  of  rcflecUon?  The  angles  of  Snddenee  and  nfleo' 
tiont 


vamLEcnon  of  heat. 
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TidLWi  which  govern  the  Reflection  of  Heat. 

197.    The  following  laws,  indicated  by  theory,  have  been 
confirmed  by  experiment : 

1.  Tlie  planes  of  incidence  and  reflection  coincide, 

2.  The  angles  of  incidence  and  reflection  are  equaL 

'-'  The  apparatus,  employed  in  establishing  these  laws,  is  shown  ia 
Fig.  1 37.     A  is  a  tin  box  with  its  faces  blackened,  in  which  hot 
water  is  placed.     J?  is  a  reflecting  surface,  and  D  is  a,  differential 
'^  thennometer.    BC  ui  a.  normal  to  the  reflecting  surface. 


r 
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Fig.  187. 


The  surface,  A^  radiates  heat  in  all  directions,  \vX  only  a  single 
ray  is  permitted  to  fall  upon  the  reflector,  5,  the  remainder  being 
intercepted  by  a  screen,  having  a  small  hole  in  it.  By  Suitably  ar- 
ranging the  thermometer,  and  other  parts  of  the  apparatus,  it  is  shewn, 
whatever  rttay  be  the  value  of  the  angle  of  incidence,  that  the  planes, 
ABC  and  CBD,  coincide  with  each  other,  and  that  the  angles,  ABC 
and  CBD^  are  equal  to  each  other. 


'  (lOT.)  What  is  the  first  law  of  reflection?     The  second  lawt    SaoplaiAi  Md 
dpparatibutfM'  verifyinff-theie  1mm,    Eaaplaln,  tki  mode  <:f96rific«cU4m* 
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Wiflfw*l1ffTi  of  Hoftt  from  OoooaTO  SSliiun.  - 

198.  A  Concave  Mirbok  is  n  rcilccting  sar&cc,  carved, 
towards  tlic  source  of  licat.  For  cxpeHmental  purposes 
tlipy  aro  gpiierally  parabolical  in  shape,  the  aria  being  a 
normal  to  tlic  siirihco  at  its  middle  poict. 

It  is  !» property  of  Buch  inii-rors  that  oil  rays  which  before 
incidence  ure  parallel  to  the  axis,  aro  after  reflection  con- 
verged  to  a  wiiglo  point,  which  point  ia  the  focut  of  the 
mirror.  Conversely,  if  the  rays  mdiato  from  the  fbcoB  th^ 
will  be  reflected  in  lines  parallel  to  the  axis. 

A  and  .B,  Fig.  138,  represent  two  porabolio  reflooton, 
having  their  axes  coiuddent,  and  their  surface  tamed  to 
each  other.    In  the  focus,  n,  of  the  mirror,  A^  is  [daoed  a  ball 


of  hot  iron,  and  in  the  focus,  m,  of  the  mirror,  .B,  is  placed 
an  inflammable  substance,  as  a  piece  of  phosphorus.     The' 
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heat  radhting  from  tlic  ball,  is  reflected  from  A,  parallel  to 
the  common  ivis  of  the  muroi,  and  fiUmg  upon  S,  is  ngain 
reflected  to  the  focua  m ,  the  he  it,  concentrated  at  m, 
13  sulhcient  to  inflame  the  phosphoius,  even  ^vhen  the 
miiTora  are  several  yards  distant  liom  eat-h  other  If  the 
mirror,  A,  alone  is  used,  the  phosphoius  is  not  inflamed. 


vi^ia. 


The  property  of  parabolic  mirrors,  above  explained,  enables  na  to 
roDccntrato  liio  heat  of  the  sun'a  rays.  In  Ihia  case  the  reflector  is 
called  a  Jurnwig'  mirror.  Fig.  139  shows  the  manner  of  uaing  a 
burning  mirror.  It  in  placed  so  tliat  its  axia  ia  parallel  to  the  raya 
of  tlio  EUD,  which,  on  falling  upon  it,  arc  rcQcctcd  to  the  focun,  where 
tho3'  produce  heat  enough  to  GCt  inllainmablc  aabatances  on  fire. 

It  is  said  that  Ahchimrdeh  was  enabled  b;  means  of  mirrors  to 


IToir  no  rmyg  fri)m  tlia  flxnu  reflected  t    Eipbln  Qm  eiiwilmiiiit.     What  <t  a 
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ret  flr«  lo  the  ItoTDan  iiliip*  in  the  harlior  of  the  C'ltj  of  Srramt. 
Jivrras  sliowcd  the  pouibilitr  of  oach  an  operation,  by  Ectuii^  Bk 
to  a  ttirred  plank,  by  me&Da  of  bumins  mirron.  at  a  distance  of  nnn 
tbaa  220  feet. 

fiaflectlnf  Poww  of  di&rent  wahBttmoa^ 

1D9.  It  lias  bcon  statecl  that  a  ray  of  heat  which  falls 
tipoit  a  l)ody  is  divided  into  two  parts,  one  being  absorbed 
nnd  the  other  r^cted.  The  relative  proportions  betvetn 
these  two  parts  varies  with  the  nature  of  the  substance  and 
the  character  of  the  reflecting  surface. 

Those  bodies  which  reflect  a  large  portion  of  the  inddcnt 
heat,  are  called  ffood  rffiectora ;  those  which  reflect  hnt 
little  of  the  incident  heat,  arc  called  had  reflecfort.  Good 
reflectors  are  had  absorbers ;  and  bad  reflectors  are  good 
ahsorhera. 

Fig.  140  shows  the  method  of  determining  the  relative 
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reflecting  powers  of  different  bodies,  adopted  by  Leslie. 
He  placed  a  cubical  tin  box  filled  with  water  at  the  boiling 
jK)int,  in  front  of  a  parabolic  reflector.  The  rays  of  heat, 
£dling  upon  the  teflector,  are  reflected  and  tend  to  come  to 
a  focus  at  J^  but  by  interposing  a  square  plate  of  some  sub- 
stance between  the  mirror  and  its  focus,  the  rays  are  again 
reflected,  and  come  to  a  focus  as  far  in  front  of  the  plate, 
as  F  is  behind  it.  The  heat  thus  reflected  is  received  upon 
one  bulb  of  a  differential  thermometer,  by  means  of  which 
it  is  measured.  By  interposing  plates  of  different  sub- 
stances in  succession,  their  relative  reflecting  powers  are 
determined. 

In  this  way  Leslie  showed,  that  polished  brass  possessed 
the  hflghest  reflecting  power ;  silver  reflects  only  nine  tenths, 
tin  only  eight  tenths,  and  glass  only  one  tenth  as  much  as 
brass.  Plates  blatjkened  by  smoke  do  not  reflect  heat 
at  alL 

Power  of  Absorption. 

200*  In  order  to  determine  the  relative  powers  of  ab- 
sorption, Leslie  employed  the  apparatus  shown  in  Fig.  141. 

The  source  of  heat  and  the  reflector  remaining  as  before, 
he  placed  the  bulb  of  the  differential  thermometer  in  the 
focus  of  the  reflector,  covering  it  successively  with  layers . 
of  the  substance  to  be  experimented  upon.  In  this  way 
he  showed,  that  those  substances  which  reflect  most  heat 
absorb  least,  and  the  reverse. 

When  the  bulb  was  blackened  by  sjnoke,  the  thermometer 
indicated  the  greatest  change  of  temperature,  and  when 
covered  with  leaves  of  brass,  it  indicated  the  least  change. 


Explain  LvsLiE*B  method  of  determining  the  reflecting  power  of  different  bodies. 
What  did  Lkslie  find  to  be  the  best  reflector?  The  next  in  order?  What  of  black- 
ened plates  ?  ( 200.)  Explain  Lsblie's  method  of  determining  the  absorbing  power 
of  bodies.   What  was  the  result  of  his  experimeats  ? 


roruL&B  rBTStci. 


901.  The  Emission  Power  of  n  body  b  ita  capacity  to 
emit,  or  radialc  the  licnt  which  it  contnins. 

In  determining  the  emission  ]io«'er,  Leslie  employed  the 
apparatus  shown  in  Fig.  141.  In  tliis  case,  instead  of 
covering  tlio  Tjulb  of  the  thennometer  with  layers  of  tho 
Bubstances  to  bo  cKperimcnted  npon,  he  covered  tlto  differ- 
ent &CCS  of  tho  cubic  box  with  layers  of  tho  different 
Bubstances. 

For  example,  let  one  face  be  made  of  tin,  let  a  second  be 
blackened  by  smoke  or  lamp-black,  let  a  tliird  be  covered 
by  a  layer  of  paper,  and  a  tbiiith  by  a  plate  of  glaaa.  On 
turning  tliese  different  faces  towards  the  reflector,  the 
thermometer  indicates  different  degrees  of  temperature.  If 
the  blackened  face  be  ttmied  towards  the  reflector,  the 
thermometer  i-ises,  showing  that  this  fice  is  a  good  ra- 
diator ;  if  tho  papar-oovercd  face  be  ne.tt  turned  towards 

11  bod;  I   Eipliln  LnuE^  roethod  or  d*- 
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the  reflector,  the  thermometer  falls,  showing  that  paper  is  a 
poorer  radiator  than  lamp-black ;  if  the  glass  covered  face 
be  turned  towards  the  reflector,  the  ther;iiometer*  falls  stilf 
lower,  indicating  that  glass  is  a  poorer  radiator  than  paper ; 
finally,  if  the  tinned  face  is  turned  towards  the  reflector,  the 
thermometer  falls  still  lower,  indicating  the  fact  that  tin  is  a 
poorer  radiator  than  glass. 

Leslie  found  by  this  course  of  proceeding,  that  the 
radiating  powers  of  bodies  are  the  same  as  their  absorbing 
powers ;  that  is,  a  good  radiator  is  also  a  good  absorber,  but 
a  bad  reflector,  and  the  reverse. 

Modifications  of  the  llefleoting  Powers  of  Bodies. 

-  202.  The  principal  causes  that  modify  the  reflecting  and 
absorbing  powers  of  bodies,  are  :  polish^  density^  direction 
of  the  incident  rays^  nature  of  tJie  source  of  lieat^  and 
color. 

Other  things  being  equal,  polisJied  bodies  are  better 
reflectors  and  worse  absorbers  than  unpolished  ones. 

Other  things  being  equal,  dense  bodies  are  better  reflectors 
and  worse  absorbers  than  rare  ones. 

Other  things  being  equal,  the  nearer  the  incident  ray 
approaches  the  normal^  the  less  loill  be  the  portio7i  reflected 
and  the  greater  the  portion  absorbed. 

The  nature  of  the  source  of  heat  sometimes  modifies  the 
reflecting  and  absorbing  powers,  Tlius,  if  a  body  is  painted 
T\'ith  white  lead,  it  absorbs  more  heat  from  a  cubical  box  of 
boiling  water,  than  though  the  same  heat  were  emitted  by 
a  lamp.  But  if  a  body  is  painted  with  lamp-black,  the 
amount  absorbed  is  the  same,  whatever  may  be  its  source. 

What  Illation  did  he  find  bettreen  the  radiating  and  abisorbing  powers  of  bodies  t 
(202.)  What  causes  modiry  the  reflecting  and  absorbing  powers  of  bodies?  Effect 
of  poUsb  ?   Of  densityt    Of  directloii  of  nyt  ?    Of  tbe  tonTeo  ot  \iM^1 
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Other  things  being  eqnal,  Uffht-cohred  bodies  absorb  less 
and  reflect  more  heat  than  darhcolored  ones.  White 
l>odies  arc  the  best  reflectors,  black  ones  the  woi*8t.  White 
bodies  are  the  worst  absorbers,  and  bhick  ones  the  best. 

Applioatioiui  of  the  preceding  pzinciplei. 

203«  Articles  of  clothing  arc  intended  to  preserre  uniformity  of 
temperature  in  the  human  body  by  excluding  the  too  violent  heats 
of  summer,  and  by  preventing  too  rapid  radiation  of  animal  heal  in 
winter.  ^ 

Loose  substances,  like  woollens  and  furs,  are  bad  radiators,  and 
therefore  are  suitable  for  winter  clothing.  Compact  substances,  like 
linens  and  cottons,  are  good  reflectors,  and  therefore  are  suitable  for 
summer  clothing.  As  far  as  color  is  concerned,  white  is  best 
adapted  to  both  seasons,  because  white  bodies  are  at  once  better 
reflectors  and  worse  radiators,  than  those  of  dark  colors. 

The  animals  of  the  polar  regions  are  generally  of  light  colors,  often 
becoming  completely  white  in  winter.  This  wise  provision  of  Nature 
is  calculated  to  adapt  them  to  sustain  more  readily  the  severe  cold 
of  those  inhospitable  regions. 

Oils  and  fats  are  good  reflectors  and  bad  radiators.  Hence  we  find 
the  Laplanders  and  Esquimaux  rubbing  their  bodies  with  oils  to  pre- 
vent the  too  rapid  radiation  of  animal  heat,  whilst  the  negroes  of  the 
tropical  regions  do  the  same  thing  to  prevent  the  absorption  of  heat 
from  without. 

Snow  is  a  good  reflector  and  a  bad  absorber  and  radiator.  Hence 
it  is  that  a  layer  of  snow  in  winter  acts  to  protect  the  plants  which 
it  covers.  Snow  and  ice,  when  exposed  to  the  rays  of  the  sun,  melt 
but  slowly,  but  if  a  branch  of  a  tree  or  stone  projects  through  the 
snow,  it  causes  the  latter  to  melt  in  its  neighborhood,  first  by  absorb- 
ing the  heat  of  the  sun,  and  then  radiating  it  to  the  surrounding 
particles  of  ice  or  snow. 


Of  color?  (203)  WMtiatheohHectof  dotliingt  Wkp  are  fitra  and  wooOent 
aullfihle  to  tointer  t  Linena  and  cottons  to  summer  t  What  eok>r  ie  beet  adapted 
to  all  seaeonaf  Color  of  animals  in  Arctic  regions  f  Efed  of  cUe  and  /kite  on 
radiation  and  alsorptiont  Eaoamplee,  Elfed  of  enowf  Why  do  9mno  and  ice 
meUdovjlyf 
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If  a  stone  is  thrown  upon  a  field  of  ice,  it  soon  causes  tbe  ice  around 
it  to  melt,  forming  a  hole  into  which  it  sinks.  A  dark  cloth  spread 
upon  snow  acts  in  the  same  manner,  and  soon  sinks  under  the  in- 
fluence of  the  sun's  rays. 

Water  is  soonest  heated  in  a  vessel  whose  surface  is  black  and 
unpolished,  because  the  vessel  in  this  state  is  best  adapted,  to  absorb 
the  heat  which  is  applied  to  it,  but  on  removing  it  from  the  fire,  the 
water  cools  rapidly.  To  retain  heat  in  liquids,  they  should  be  con- 
fined in  dense  and  polished  vessels,  as  these  are  poor  radiators. 
Hence,  for  boiling  and  cooking,  rough  and  black  vessels  should  be 
employed,  but  to  keep  the  articles  warm,  dense  and  polished  vessels 
should  be  used.^  It  is  for  this  reason  that  a  silver  teapot  is  better 
than  an  earthen  one.  But  as  silver  is  a  good  conductor  of  heat,  the 
handle  should  be  insulated  by  interposing  between  it  and  the  vessel 
some  non-conducting  substance,  as  ivory  or  bone. 

Stoves,  being  intended  to  radiate  heat,  should  be  rough  and  black, 
but  fire-places,  being  intended  t^  reflect  heat  into  the  room,  should  be 
lined  with. white,  dense,  and  polished  substances,  like  glazed  earthen- 
ware, or  glazed  fire-bricks. 

Oonductibility  of  Solid  Bodies. 

204.  CoNDtrcnBiLTTY  is  that  property  of  bodies  by 
virtue  of  lyhich  they  transmit  heat.  Those  bodies  that 
transmit  heat  readily,  are  called  good  conductors ;  those  that 
do  not  transmit  it  readily,  are  called  bad  co7iductors, 

IxGENHOusz  showed  that,  solid  bodies  possess  different 
degrees  of  conductibility,  by  means  of  an  apparatus  shown 
in  Fig.  142.  It  consists  of  an  oblong  vessel  to  contain  water, 
from  one  side  of  which  projects  a  system  of  short  tubes  for 
receiving  rods  of  different  kinds  of  solids,  such  as  metals, 
marble,  wopd,  glass,  and  the  like. 

Ingenhousz  coated  the  different  rods  with  a  soft  wax  that 


Ea^plain  the  effect  of  a  ttone  thrown  upon  icef    Of  a  dark  cloth  upon  snotof 
W'ly  is  water  Monetft  heated  in  Hack  and  unpolished  aeaaels  t    In  what  ve^nels  i» 
4t  best  kept  hot  f    Of  what  material  should  stoves  he  conatructedt   Mre^plaeenf 
Whyf   ( 204.)  What  is  Condactibility?    Qood  conductors?  Bad  condacton?  fia 
plain  IironiBOVSS*  apparatua? 
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would  melt  at  about  140°  F.,  and  then  filled  the  vessel  ivith 
boiling  water.  Upon  some  of  the  rods  the  was  melted 
rapidly,  npon  some  more  slowjy,  and  upon  others  not  at  all. 
This  sbowed  that  the  r^cls  varied  in  their  conductJbility. 

It  hoB  been  shown  that  metals  are  the  best  conduclors,  after 
vbich  comes  marble,  Ihen  porcelain,  bricks,  wood,  glsEs,  resio,  &o. 

Oondnctlbility  of  Ijiquidg.  —  Oomreotioii. 

305.  Liquids  are  bad  conductors  of  heat,  except  mer- 
cury, which  is  a  metal.  They  are  such  bad  conductois  that 
RcMFORD  asserted  that  water  is  not  a  conductor  at  all. 
More  careful  experiments  have  shown  that  all  liquids  are 
conductors,  but  all  are  extremely  bad  ones. 

Liquids  arc  lieatcd  by  a  process  of  circulation  amongBt 
their  particles,  called  convection,  the  heat  being  applied  fi'om 
below,  as  shown  in  Fig.  143.  When  the  partides  at  the 
bottom  become  heated,  they  expand,  and  as  they  are  then 
lighter  than  the  cooler  particles  above  them,  they  rise  to  the 


EiplJil 


t  lib  method  at  ntlTifr  It?  WlUrl  a, 
Uriordtrt  (ZOS.IAnllqnlOigoo 
Eiplita  Ili«  Ulnitnlloa. 


rsf   Hov  ore  liquids 
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top  of  the  Teuel  to  give  place  to  tbe  hearier  and  cooler 

ones  that  supply  their  places.    In  thia  way  a  double  current 

of  particles  is  set  ap,  as 

shown  in  the  figure  by 

the  arrows,  tho  hot  ones 

rising  and  the  cool  ones 

descending.    This  process 

of  circulation  goes  on  till 

a  uniform  temperature  is 

imparted  to  all   of  the 

liquid. 

The  circulation  of  p&rtielea 
may  be  abown  by  putting  into 
tlie  vessel  particles  of  a 
■ubstanM  of  nearly  the  same 
density  as  the  liquid ;  as, 
for  example,  oak  lawdust. 
These  particles  will  partake 
of  the  motion  of  the  fluid,  rUit)*  up  in  the  eentre,  and  deicending 
along  the  walls  of  ths  vessel  as  shown  in  the  figure 


OondnottbUitj  ef  OaiM. 

906.  Gases  are  bad  conductors  of  heat,  but  on  account 
of  tho  extreme  mobility  of  their  particles,  it  is  difficult  to 
establish  the  Eiot  by  direct  observation.  } 

/feases  are  heated  by  convectiou,  in  the  same  manner  as 
liquids.  - 

Applioatioui   of  the   prsoedlng  prin^ple*. 

90T>  If  the  hand  be  placed  upon  different  articles  in  a  cold 
room,  they  convey  different  sensations.  Metals,  stones,  briclts,  and 
the  like,  feel  cold,  whilst  carpets,  curtains,  and  the  like,  feel  warm. 


JTme  mas  'U  etrvalallon  i^fpartlcUt  bt  dermxiiliittd  t    ( 208 )  An  guei  geod 
or  iMd  UDdanCan?    Boh  ua  Ihar  hMtMl T    i.%<fl :)  Xf plain  ai»  d^ertiU  unM- 
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The  reason  of  this  lis  that  the  former  are  good  oondaetom,  and  readily 
abstract  the  animal  heat  from  the  hand,  whilst  the  latter  are  bsd 
conductors,  and  do  not  convey  away  the  heat  of  the  hand. 

Wooden  handles  are  sometimes  fitted  to  metallic  vessels  which  aro 
to  contain  heated  liquids.  This  is  because  wood  is  a  bad  conductor, 
and  therefore  docs  not  convey  the  heat  to  the  hand.  For  a  similar 
reason,  when  we  would  handle  any  heated  body,  we  often  interpose 
a  tiiick  holder  of  woollen  cloth,  the  latter  being  a  bad  conductor. 

To  preserve  ice  in  summer,  we  surround  it  with  some  bad  con- 
ductor, as  straw,  sawdust,  or  a  layer  of  confined  air.  The  same 
means  are  adopted  to  preserve  plants  from  the  action  of  frost.  In 
this  case,  the  non-conducting  substance  prevents  the  radiation  of 
heat. 

Cellars  are  protected  from  frost  in  winter  by  a  doable  wall 
inclosing  a  layer  of  air,  which  is  a  non-conductor.  It  is  the  layer 
of  confined  air  that  renders  double  windows  so  efficient  in  excluding 
frost  from  our  houses. 

The  feathers  of  birds  and  the  fur  of  animals  are  not  only  in  them- 
selves bad  conductors,  but  they  inclose  a  greater  or  less  quantity  of 
air,  which  renders  them  eminently  adapted  to  the  exclusion  of  cold. 
■  The  bark  of  trees  is  a  bad  conductor,  and  so  serves  to  protect  them 
from  the  injurious  effects  of  heat  in  summer,  and  cold  in  winter. 

Our  warmest  articles  of  clothing  are  composed  of  non-conducting 
substances,  inclosing  a  greater  or  less  quantity  of  air.  Such  are 
furs,  woollen  cloths,  and  the  like.  It  is  not  that  these  are  warm  of 
themselves,  but  they  serve  as  non-eonductors,  preventing  the  escape 
of  animal  heat  from  our  bodies. 


V. — LAWS     OF    EXPANSION     OF     SOLIDS,     LIQUIDS,     AND     OASES. 

Laws  of  Szpansion  of  Solids. 

20§.    Numerous  experiments  have  been  made  to  deter- 
mine the  exact  amount  of  expansion  which  bodies  experience 


Whj/  are  wooden  handUa  attached  to  metaUio  ftewela  t  Bow  it  ice  prss^rvedi* 
tummer  t  Wfvy  t  How  are  plants  protected  t  Why  t  How  ars  cMan  prt' 
tecUd  from  froHt  Whyf  WAy  are  feathera  adapted  to  esoeludB  cold  t  Jktr^^ 
treMf    What  aubttanoM  form  t^t  warrMst  cMkLf^t    Wkjff 
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hy  the  addition  of  a  given  amount  of  heat.  As  in  a  former 
article,  it  will  he  found  convenient  to  consider  first,  linear 
expansion^  and  afterwards,  eonpansion  in  volume. 

l.fLmear  expansion.  In  order  to  compare  the  rate  of 
linear  expansion  of  different  hodies,  we  take  for  a  term  of 
.  compaiison,  the  expansion  experienced  hy  a  unit  of  length 
of  each  hody  when  heated  from  32°  f".  to  33°  F.  This  is 
called  the  co'efficie?it  of  linear  expansion. .  ) 
'  Tlie  coefficients  of  linear  expansion  for  a  great  numher  of 
bodies  were  determined  in  the  latter  part  of  the  last  century 
by  Lavoisieb  and  Laplace.  i^They  reduced  the  substance 
to  be  experimented  upon  to  the  form  of  a  rod  or  bar,  then 
exposed  it  for  a  sufficient  time  to  the  temperature  of  melting 
ice,  and  measured  its  exact  length.  They  next  exposed  the 
bar  to  a  temperature  of  boiling  water,  and  again  measured 
its  length.  The  increased  length,  divided  by  180,  gave  the 
increase  in  length  of  the  whole  bar  for  1°  F.  This  result, 
divided  by  the  length  of  the  bar  at  32°  F.,  gave  the  linear 
expansion  of  a  unit  of  length,  and  for  an  increase  of  tem- 
perature of  1°  F.,  that  is,  the  coefficient  of  linear  expansion.  : 

The  followins:  are  some  of  the  results  thus  obtained  : 


BTTBSTAirGX. 

COEFFICIENT. 

BTTBSTANCE. 

>MkFFICIENT. 

Glass 

0.00000478 

Brass 

0.00000954 

Platinum 

0.00000491 

Copper 

0.0000104J 

Steel 

0.00000599 

Silver 

0.00001061 

Iron 

0.00000678 

Lead...... 

0.00001587 

Gold........ 

0.00000814 

Zinc 

0.00001634 

From  the  above  table,  it  is  seen  that  the  amount  of  expansion  is 
always  very  small. 


(  208.)  Wlutt  is  the  coefficient  of  linear  expansion  of  solids  ?    How  detennindd  bj 
LATOBisaandLAPLAOB?    Gi90som6<^th$r6iulttr 
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2.  ySbepanaion  in  volume.  The  coefficient  cf  esBpam^m 
in  volume  is  the  increment  which  a  cubic  unit  of  the  sub' 
stance ,  experiences  when  its  temperature  is  raised  V  FJ 
^This  coefficient  may  be  determined  experimentally,  or  it 
may  be  found  by  multiplying  its  coefficient  of  linear  eiqjan* 
sion  by  ZJ 

AppUoations. 

209*  The  principle  of  expansion  explains  many  familiar  phe- 
nomena, some  of  \7hich  are  indicated  below. 

When  hot  water  is  suddenly  poured  into  a  cold  tumbler,  it  oftea 
breaks.  In  this  case  the  explanation  is  simple.  Glass  is  a  bad  con- 
ductor of  heat,  hence  the  inside  becomes  heated  by  contact  with  the 
water  more  rapidly  than  the  outside,  and  this  inequality  of  heating 
produces  an  inequality  of  expansion  that  ruptures  the  glass.  The 
thinner  the  glass,  the  less  will  be  the  inequality  of  expansion,  and 
consequently  th^  less  will  bo  the  danger  of  rupture.  In  a  metallic 
vessel  such  an  accident  is  not  to  be  apprehended,  because  metals  are 
good  conductors,  and  but  little,  if  any,  inequality  of  expansion  can 
arise. 

When  a  candle  is  held  too  near  a  pane  of  glass,  the  glass  is  often 
broken ;  the  reason  is  the  same  as  before. 

Sometimes  a  vessel  of  glass  is  suddenly  broken  by  opening  a  door 
or  window.  This  is  due  to  a  current  of  cold  air  which,  falling  upon 
the  outer  s  oiffice  of  the  glass,  causes  an  inequality  of  contraction 
that  may  produce  rupture.  All  articles  of  glass  should  be  guarded 
from  sudden  changes  of  temperature,  would  we  avoid  risk  of 
breakage. 

In  the  art  of  engineering,  it  is  important  to  take  into  account  the 
expansion  and  contraction  of  the  metals.  In  laying  the  track  of  a 
railroad,  for  example,  the  rails  should  not  be  laid  so  as  to  touch  each 
other,  otherwise  in  warm  weather  the  expansion,  acting  through  a 
long  line,  might  produce  a  force  sufficient  either  to  bend  the  rails  or 


What  Is  the  co^'flRciont  of  exponslon  In  volnmo?  How  detoTTnlned  ?  (209.)  THy 
tfoM  hot  water  break  a  cold  tumbler  t  Which  U  more  easily  broken^  a  thin  glau 
or  a  thick  one  f  Why  t  Why  is  a  pane  of  glass  broken  by  IA«  approach  ffa 
candle  t  Why  may  a  glass  vessel  be  broken  by  opening  a  door  or  tMiidoto  t  Fr^ 
cautions  f   Explain  tA«  <2r«ct  o/eaepaneion  on  a  2itM  ^rai2«i  x 
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to  tear  them  from  their  fastenings.  In  employing  iron  ties  in  build- 
ing, arrangements  should  be  made  by  means  of  nuts  and  screws  to 
tighten  them  in  warm  weather,  and  looseo  them  in  cold  weather, 
otherwise  the  forces  of  contraction  and  expansion  would  weaken  and 
eventually  destroy  the  building.  Very  serious  accidents  have  oc- 
curred from  omitting  this  precaution. 

The  principle  of  expansion  and  contraction  of  metals  has  been 
utilized  in  bringing  the  walls  of  a  building  together  after  they  have 
commenced  to  separate.  A  system  of  iron  ties  is  formed,  passing 
through  the  opposite  walls,  on  the  outside  of  which  they  are  secured 
by  nuts.  The  alternate  rods  being  heated,  they  expand,  and  the 
nuts  are  screwed  up  close  to  the  walls.  On  cooling,  the  force  of 
contraction  brings  the  walls  nearer  together.  The  remaining  rods 
are  next  heated,  and  the  nuts  screwed  up.  On  cooling,  a  further 
contraction  takes  place,  and  so  on  until  the  walls  are  restored  to 
their  proper  position.  This  method  was  successfully  employed  to 
restore  the  walls  of  a  portion  of  the  Conservatoire  des  Arts  et  Metiers^ 
in  Paris,  which  had  begun  to  separate. 

Compensating  Pendulum. 

910*  The  construction  of  the  Compensating  Pendulum  depends 
upon  the  principle  of  contraction  and  expansion  of  metals.  We  have 
seen  already  that  the  time  of  oscillation  of  a  pendulum  depends  upon 
its  length,  vibrating  faster  when  shortened,  and  slower  when  length- 
ened. Inconsequence  of  variations  of  temperature,  ^^  a  pendulum 
were  suspended  by  a  single  metallic  rod,  its  rate  of  vfUtation  would 
be  continually  changing. 

To  obviate  this  defect  and  secure  uniformity  of  rate,  various  de- 
vices have  been  employed,  one  of  the  most  important  of  which  is 
Harrison's  Gridiron  Pendulum,  shown  in  Fig.  144.  It  consists  of 
0ve  parallel  bars  of  metal,  arranged  as  shown  in  the  figure.  The 
bars  a,  b,  c,  and  d,  are  of  steel,  and  when  they  expand,  the  effect  is 
to  lengthen  the  pendulum ;  the  bar,  d,  passes  freely  through  the 
cross  piece,  or,  and  is  firmly  attached  to  the  piece,  mn.    The  bars, 


PreeavHont  to  l>e  taken  in  huilcUnff  fcUh  iron  t  Moplain  ths  method  ofgtraiffht- 
miing  waUe.  (201.)  What  ^eet  hat  heat  upon  a  pendulum?  Saw  areiU 
d^fteit  remeditd  t  Explain  ih9  thiory  and  eanttrueUon  qf  Hxuaov's  Gridiron 


^14 


POPuiAS   FamoL : 


k  and  i,  ue  of  bruB,  firtnlr  ftttsdied  to  both 
of  tbe  oroii  pieeei,  mn  and  or.  When  they 
exp&nd,  the  effect  is  t«  raiee  the  piece,  mn, 
and  tbua  to  Bborten  the  peodnlum. 

If  the  piecei  ar«  properly  adjmted,  the 
amoDDt  of  Bbortcmog  is  exactly  equal  to  be 
■mount  of  lengthening  before  raentioncd,  and 
these  two  balancing  each  other,  the  length  of 
the  pendnlnm  remaiua  invariable.  The  ad- 
joetraent  requires  that  the  Icngtha  of  the  rods 
■honld  be  inverEely  as  thdr  ooefficientB  of  linear 
ezpansion. 

Iawv  of  Enauiioii  of  X^nldi* 

3I1>  (.Liquids  are  much  more  expans- 
We  than  solids,  on  account  of  their  feeble 
cohesion ;  tfaeir  expansion  is  also  mucli 
more  irregular,  especially  when  their  tem- 
perature approaches  the  boiling  point.J 

The  expansion  of  a  liquid  m&j^jSab- 
eolule  or  relative.  The  absolute  expan- 
sion of  a  liquid  is  its  actual  increase  of 
volume;  the  relative  expansion  ia  its 
increase  of  volume  with  respect  to  the 
containing  vessel.  For  example,  in  a 
thermometer  the  rise  of  the  liquid  in  the  stem  is  dao  to  ita 
relative  expansion,  with  respect  to  that  of  the  stem.  Both 
expand,  but  the  liquid  more  rapidly  than  the  glass.  The 
capacity  of  the  bulb  increases  with  an  increase  of  heat,  hot 
the  volume  of  its  contiuned  meronry  increases  more  rapidly, 
and  therefore  rises  in  the  stem.  The  absolute  is  generally 
greater  than  the  relative  expansion.  It  is  the  relative  ex- 
pansion that  we  generally  observe. 
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The  coefficient  ofexpaiision  of  a  liquid  is  the  expansion 
of  a  unit  of  volume,  coiTesponding  to  an  increase  of  temper- 
ature of  one  degree. 

Taken  with  reference  to  glass,  the  coefficient  of  expansion 
for  mercury  is  0.000833 ;  that  of  water  is  three  times  as 
great,  and  that  of  alcohol  nearly  eight  times  as  great  as  that 
of  mercury. 

Maximum  Density  of  Water. 

9 12.  If  water  is  cooled  down  gradually,  its  volume  con- 
tinues to  contract  until  it  reaches  the  temperature  of 
89.°2  F.,  when  it  attains  its  maximum  density.  If  it  be 
■till  forther  cooled  it  begins  to  expand,  and  at  32°  F.  it  be- 
comes solid,  or  freezes. 

This  curious  phenomenon  may  be  shown  by  using  a  water 
thermometer  in  connection  with  a  mercurial  one.  As  the 
temperature  is  diminished,  the  liquids  descend  in  the  stems 
of  both  thermometers  until  the  mercmial  one  shows 
89.*^2  F.,  ailer  which,  if  the  cooling  process  be  continued, 
the  mercury  will  continue  to  fall,  whilst  the  water  will  begin 
to  rise. 

This  apparent  exception  to  the  law  of  expansion  and  con- 
traction is  explained  from  the  fact,  that  at  the  temperature 
of  39.°2  F.,  the  particles  begin  to  arrange  themselves  in  a 
new  order,  preparatory  to  taking  a  crystalline  form.  Some 
other  substances,  such  as  melted  iron,  sulphur,  bismuth,  &o., 
exhibit  a  similar  expansion  of  volume  immediately  previous 
to  taking  a  solid  crystalline  form.  It  is  this  property  of 
expanding  at  the  time  of  crystallization,  that  renders  iron 
so  valuable  a  metal  for  casting.  The  expansion  of  the  metal 
acts  to  fill  the  mould,  thus  giving  sharpness  and  accuracy  to 
the  casting. 


What  is  the  coefficient  of  expansion  of  a  liquid?  What  is  its  value  for  mercury 
-with  reference  to  glass?  How  do  the  coefficients  of  water  and  alcohol  compare  with 
SMrenry?  (312)  At  what  temperature  has  water  the  greatest  density?  When 
does  it  freeze?  How  may  the  phenomenon  be  ibowii?  Hqw  ea^lained?  Wh»t 
•UMr  bodies  exhibit  Mmihur  phenomena  t    Why  li  }xoii  to  '?ilu»b\%  foi  «m^^^ 


216  POPULAB   PHT8IGS. 

The  fact  that  water  has  its  greatest  density  at  38*.75  F.,  cama 
ico  to  form  at  the  surface  instead  of  at  the  bottom  of  riveni  and  lakes. 
Were  it  not  that  ice  is  lighter  than  water,  it  would  sink  to  the 
bottom  as  fast  as  formed,  or  rather  would  form  at  the  bottom,  and 
in  the  colder  regions  of  the  globe  would  soon  convert  entire  likes 
into  solid  masses  of  ice.  As  ice  and  water  ore  bad  conductors  of 
heat,  the  summer  sun  would  not  poseess  the  power  to  couTert  them 
again  into  water. 

In  Switzerland  it  is  found  by  experiment  that  the  temperatare  of 
the  water  at  the  bottom  of  deep  and  snow-fed  lakes  remains  during 
the  entire  year  at  the  uniform  temperature  of  38''.75  F.,  althoogh 
the  surface  is  frozen  in  winter,  and  in  summer  rises  to  75*  or  80'  F. 

It  is  because  water  has  its  maximum  density  at  38''.75  F.,  that  it 
is  taken  at  this  temperature,  as  the  standcu'd  of  comparison  for  deter- 
mining the  specific  gravity  of  bodies. 

Xaw  of  expansion  of  Qases. 

213.  Gases  are  not  only  more  expansible  than  solids 
and  liquids,  but  they  also  expand  more  unifofmly. 

The  coefficient  of  expansion  of  a  gas,  is  the  expansion 
which  a  unit  of  volume  experiences  when  its  temperature  is 
increased  one  degree. 

Gat  Lussac  supposed  that  all  gases  expand  equally  for 
equal  increments  of  temperature ;  but  more  recent  investi- 
gations show  that  the  coefficients  of  expansion  are  slightly 
different  for  different  gases.  This  difference  is,  however,  so 
small,  that  for  all  practical  purposes  we  may  regard  all  gases 
as  having  the  same  coefficient.  The  value  of  the  coefficient 
of  expansion  for  gases  is  0.00204,  which  is  about  eight  times 
that  of  water. 

Applications. 

214.  The  law  of  expansion  of  gases  when  heated,  has  many 
important  applications,  some  of  which  will  be  indicated. 

Explain  the  eonwquencet  of  ffis  eoopansion  of  watsr  on  frteaing,     JSStample  of 
4«  lakes  in  SvdUerUmd,     Why  is  waUr  taken  at  88<*.76  I[  as  a  Oandardt 
213.)  What  bodies  are  most  expansible?    What  is  the  cooffldmt  of  vsjfut^mt 
What  WM  Oat  Lphuo's  optnloa  !    Was  it  stiietlf  oorrMt  ? 
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Wlien  the  air  of  a  room  becomes  warmed  and  vitiated  by  the 
preeenoe  of  a  number  of  persons,  it  expands  and  becomes  lighter  than 
the  external  air ;  henoe  it  rises  to  tl^  top  of  the  room,  and  its  place 
is  supplied  by  fresh  air  from  without,  which  enters  through  the 
eracks  of  the  doors,  or  through  apertures  constructed  for  the  purpose. 
Openings  should  be  made  at  the  upper  part  of  the  room  to  permit 
the  foul  air  to  escape.    Such  is  the  theory  of  ventilation  of  rooms. 

In  large  buildings,  like  theatres,  the  spectators  in  the  upper 
galleries  often  experience  great  inconvenience  from  the  hot  and 
corrupt  air  arising  from  below.  To  remedy  this  evil,  large  open- 
ings, called  ventilators,  should  be  constructed  in  the  ceiling,  and  cor- 
respondingj)penings  should  be  arranged  near  the  bottom  of  the  build- 
ing, to  supply  a  sufficient  quantity  of  fresh  air  to  keep  up  the  circu* 
lation. 

The  principal  of  expansion  gives  a  draft  to  our  chimneys.  The 
hot  air  ascends  through  the  flue,  and  its  place  is  supplied  by  a  con- 
tinued current  of  cold  air  from  below,  which  keeps  up  the  com- 
bustion in  the  fire-place  or  grate. 

The  same  principle  is  applied  in  warming  buildings  by  means  of 
furnaces.  Furnaces  are  placed  in  the  lowest  story  of  the  building, 
and  are  provided  with  air  chambers,  which  communicate  with  the 
external  air  by  means  of  air-pipes.  When  the  air  becomes  heated 
in  the  air  chamber,  it  rises  through  pipes,  or  flues  in  the  walls,  to 
the.upper  stories  of  the  building,  and  is  admitted  to  or  excluded  from 
the  difierent  apartments  by  valves,  called  registers. 

The  principle  of  expansion  of  air  explains  many  meteorological 
phenomena.  When  the  air  in  any  locality  becomes  heated  by  the 
rays  of  the  sun,  it  rises  and  its  place  is  supplied  by  colder  air  from 
the  neighboring  regions,  thus  producing  the  phenomena  of  winds. 
The  circulation  of  the  atmosphere  in  the  form  of  winds,  tends  to 
equalize  the  temperature,  and  also,  by  transporting  clouds  and 
vapors,  tends  to  equalize  the  distribution  of  water  over  the  globe. 

Winds  also  serve  to  remove  the  vitiated  air  of  cities,  replacing  it 
by  the  pure  air  of  the  neighboring  places,  thus  contributing  to  the 
preservation  of  life  and  health.     Winds  also  act  to  propel  vessels  on 


(  %1 4.)  Sow  doet  the  prindpU  cf  expantion  operate  in  v&niUaUon  t  Row  are 
targe  Imildinge  iMtdUated  t  Who*  gioee  draift  to  ehimmy*  t  JBxplain  the  theory 
^  KtaMmg  by  Jktrfumet,  Sow  doee  the  principle  qf  eoopantion  produce  windef 
Th$tr  e^lKt  on  diitributi^  of  warmth  and  moiituret 

JO 
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the  ocean,  thus  contributing  to  the  spread  of  oommeree  aftd  diYiliza- 
tion. 

Without  winds,  our  citieB  would  become  centres  of  infection,  tbe 
clouds  would  remain  motionless  oyer  the  loealities  where  they  were 
formed,  the  greater  portion  of  the  earth  would  become  fmd  and  desert, 
without  rivers  or  streams  to  water  them,  and  the  whole  earth  would 
soon  become  uninhabitable. 


Density  of  Oases.  • 

915.  The  density  of  a  gas  depends  upon  the  pressure  to 
which  it  is  suhjected,  and  also  upon  its  temperatuipe. 

It  is  for  this  reason  that  we  select  as  a  term  of  comparison 
the  density  at  some  particular  pressure  and  temperature. 
The  standard  pressure  is  that  of  the  atmosphere  when  the 
barometer  stands  at  30  inches,  and  the  standard  temperature 
is  32°  F.,  or  the  freezing  point  of  water.  To  determine 
the  density  at  any  other  pressure,  we  apply  Mabiotte's 
law ;  to  determine  it  at  any  other  temperature,  we  apply 
the  coefficient  of  expansion,  as  explained  in  preceding 
articles. 

Suppose  it  were  required  to  determine  the  density  of  air  when  the 
barometer  indicates  20  inches,  and  the  thermometer  62*  F.,  the 
density  being  equal  to  1  at  the  standard  temperature  and  pressure. 
The  pressure  being  only  two  thirds  the  standard  pressure,  the  air  in 
the  case  considered  would  occupy  once  and  a  half  its  primitive 
volume,  supposing  the  temperature  to  remain  at  32**  F.     Bat  the 
temperature  being  62^  F.,  or  30^  above  the  standard,  we  multiply 
1.5  by  30  times  0.00204  for  the  expansion.    This  product,  added  to 
1.5,  gives  for  a  result,  1.5918.     That  is,  a  unit  of  volume  at  the 
standard  pressure  and  temperature  becomes  1.5918  unitis  of  volnme 
at  the  given  pressure  and  temperature.     Because  the  density  va- 
ries inversely  as  the  volume,  we  shall  have  for  the  required  density, 
T.7iTT»  ^r  0.6282. 


Other  ^eeta  of  winds  f  (215.)  On  what  does  the  density  of  a  gu  depend? 
What  do  we  take  at  a  standard?  How  do  we  determUo  tha  dauitj  at  any  other 
prewnre  and  temperature  ?    ]B»ample^ 


ro. 
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The  following  table  exhibits  the  deositj  of  some  of  the  most  im- 
portant gases,  air  being  taken  as  a  standard : 


TABLE. 


BAB. 

DEHBrrr. 

«Aa. 

DKiremr. 

Air 

Hydrogen.... 
Nitrogen 

1 .0000 
0.06U2 
0.9714 

Oxygen 

Carbonic  acid 

1.1056 
1.5290 

Hydrogen  is  the  lightest  known  body,  its  density  being  fourteen 
and  a  half  times  less  than  that  of  air. 


n. — CnANOE     OF     STATE     OV    BODIES     BT     THE     ACTION     OF     HEAT. 


916.  It  has  been  stated  that  heat  not  only  causes  bodies 
to  expand,  but  that  it  may  in  certain  circumstances  cause 
them  to  change  from  the  solid  to  the  liquid  state,  or  from 
the  liquid  to  the  gaseous  state. 

When  a  body  passes  from  a  solid  to  a  liquid  state,  it  is 
said  to  meUy  or  fuse^  and  the  act  of  changing  state  in  this 
case  is  called  y^/af on. 

If  a  melted  body  is  suffered  to  cool,  it  becomes  solid  at 
the  same  temperature  at  which  it  melted.  Hence  the  melt- 
ing point  is  the  same  as  the  freezing  point.  * 

Fusion  takes  place  when  the  force  of  cohesion,  which  holds  the 
particles  of  a  body  together,  is  exactly  balanced  by  the  heat  which 
tends  to  separate  them.  The  temperature  at  which  fasion  takes 
place  is  different  for  different  bodies.  For  some  bodies  it  is  very  low, 
and  for  others  very  high,  as  is  shown  in  the  following 


Whai  if  ths  Uffhtstt  bodft  Give  Ihs  dtntttiea  qf  mms  other  (fotsg,  (tl6> 
mwt  i«  sMmng  or  fluloa?.  WJ^do€tfittiomtak0pkM4t  J»ih$mtX¥^'gnAitX 
tk4  9am0/fraU9oUd$f 
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T  A  BLB. 


Bomr. 

BODY. 

TBXk'itlfcATUKB 
or  FUBION. 

OFFUnOll. 

Mercury 

Ice 

Tallow 

White  wax 

Sulphur 

Tin 

—  39°  F. 

32° 

91° 
149° 
232° 
442° 

Bismuth. .. 

Lead 

Antimony 

Zinc 

Silver 

Gold 

507°  F. 

635° 

842* 

932* 
1832° 
2192° 

All  bodies  are  not  melted  by  the  action  of  heat.  Some  are  de- 
composed, such  as  paper,  wood,  bone,  marble,  &c.  Simple  bodiei, 
that  is,  bodies  which  are  composed  of  but  one  kind  of  matter,  alwiyi 
melt,  if  sufficiently  heated,  with  a  single  exception.  Carbon  has  thu 
far  resisted  all  attempts  to  fuse  it. 

lAtent  Heat  of  Fusion. 

91  T»  Bodies  which  can  be  melted  alwaTS  present  the 
remarkable  phenomenon,  that  when  they  are  heated  to  the 
temperature  of  fusion,  they  can  not  be  heated  any  higher 
until  the  fusion  is  complete.  For  example,  if  ice  be  exposed 
to  heat,  it  begins  to  melt  at  32°  F.,  and  if  more  heat  be 
applied,  the  melting  is  accelerated,  but  the  temperature  of 
the  mixture  of  ice  and  water  remains  at  32°  until  all  the  ice 
is  melted. 

The  heat  that  is  applied  during  the  process  of  fusioD, 
enters  into  the  body  without  raising  its  temperature,  and  is 
said  to  become  latent  When  the  body  returns  to  its  solid 
state,  all  the  latent  heat  is  again  given  out,  and  once  more 
becomes  sensible. 

The  phenomenon  of  latent  heat  may  be  illustrated  by  the  follow- 
ing experiment.    If  a  pound  of  pulverized  ice,  at  32^  F.,  be  mixed 


JOxamples,    ArtaU  hodUa  nulUdlyihe  aeUon  qf  httUt   AaampUf.   (til) 
What  la  latent  hMt?   Sanaible  heat  f   Howma^tlu  phmtamiw^m  ^l9im4h*tli^ 


XXLTIKa   JOSTD   VSXBZDXa.  221 

with  a  pound  of  water  at  174^  F.,  the  heat  of  the  water  will  be  just 
rafficieat  to  melt  the  ice,  and  there  will  result  two  pounds  of  water 
at  the  temperature  of  32°  F.  Daring  the  process  of  melting,  142°  of 
heat  have  been  absorbed  and  become  latent ;  hence,  we  say  that  the 
heat  required  to  melt  ioe  at  32^  F.  is  142°,  or,  in  other  words, 
the  latent  heat  of  water  at  32°  is  142°. 

The  enormous  amount  of  heat  which  becomes  latent  when  ice 
melts,  explains  why  it  is  that  large  masses  of  ice  remain  unmelted 
for  a  considerable  time  after  the  temperature  of  the  air  is  raised 
above  32°  F.  Conversely,  the  immense  quantity  of  heat  evolved 
when  water  passes  to  the  state  of  ice,  explains  why  it  is  that  ioe 
forms  so  slowly  in  extremely  cold  weather.  The  absorption  of  heat 
in  melting,  and  production  of  heat  in  freezing,  tend  to  equalize  the 
temperature  of  climates  in  the  neighborhood  of  large  masses  of 
water,  like  lakes  and  rivers. 

Oongelatloni—Solidification. 

918.  Any  body  that  can  be  melted  by  the  application 
of  heat,  can  be  brought  back  to  a  solid  state  by  the  abstrac- 
tion of  heat.  This  passage  from  a  liquid  to  a  solid  state  is 
called  congelation^  or  solidification. 

In  every  body,  the  temperature  at  which  congelation  com- 
mences, is  the  same  as  that  at  which  fusion  begins.  Thus,  if 
water  be  cooled,  it  will  begin  to  congeal  at  32°  F.,  and  con- 
Tersely,  if  ice  be  heated,  it  will  begin  to  melt^at  32°  F. 
Furthermore,  the  amount  of  heat  given  out,  or  rendered 
sensible  in  congealing,  is  exactly  equal  to  that  absorbed,  or 
rendered  latent  in  melting. 

Some  liquids  can  not  be  congealed  by  the  greatest  cold  to  which 
we  can  subject  them ;  such  are  alcohol  and  ether.  Pare  water  con- 
geals at  32** ;  the  «alt  water  of  the  ocean  congeals  at  27*^ ;  olive  oil 
at  21°  '.  linseed  and  nut  oils  at  17°. 


A^pto^ft  ihs  aeUon  oflaUni  heat  on  meUing  nuuMi  o/ioe.  Also  on  framing 
§nau6»  of  mooter,  (218)  What  la  congelation  ?  How  does  the  point  of  congelation 
eompare  with  that  of  Aislon  ?  ninstrate.  How  does  the  heat  given  oat  in  solidifying 
eompare  with  that  taken  np  in  malting?    What  U^utd$ha94  mmmt  &Mf»yV«Mi»  t 
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Water  reaches  its  maximum  demiity  at  38'.  75,  and  aa  iti  tempos 
ature  is  diminished  from  this  limit,  its  volume  continues  to  increuB 
until  congelation  is  completed.  This  increase  of  volume  takes  plaee 
with  an  expansive  force  capable  of  bursting  the  strongest  vessels. 
Hence,  in  cold  weather,  water  should  not  be  left  in  vessels  and  pipes, 
or  in  any  apparatus  which  might  be  broken  by  frost. 

On  account  of  this  expansion  of  water  in  congealing,  it  follows 
that  it  is  less  dense  than  before  3  hence  it  is  that  ice  floats  on  tin 
surface  of  water.  In  the  polar  regions  inmiense  masses  of  floating 
ice,  called  icebergs,  are  continually  seen.  Some  of  these  are  of  im* 
mense  height,  and  extend  to  a  corresponding  depth  in  the  water.  It 
passing  shoal  places,  they  oflen  become  stranded,  and  remain  fixed 
until,  by  gradual  melting,  their  volume  is  sufficiently  reduced  to 
permit  them  to  float  clear  of  the  bottom. 

OrTstallization. 

219.  When  bodies  pass  slowly  from  the  liquid  to  the 
solid  states,  their  particles,  instead  of  arranging  themselYes 
in  a  confused  manner,  tend  to  group  themselves  into  regular 
forms.  These  forms  are  called  crystals^  and  the  process  of 
forming  them  is  called  crystallization. 

Flakes  of  snow,  sugar  candy,  alum,  common  salt,  and  the 
like,  offer  examples  of  crystallized  bodies.  The  forms  of  the 
crystals  are  best  seen  under  a  magnifying  glass. 

Bodies  ijiay  be  crystallized  in  two  different  ways.  In  lie 
first  case,  we  melt  them,  and  then  allow  them  to  cool  slowly. 
If  a  vessel  of  sulplmr  be  melted  and  allowed  ta  cool  slowly, 
it  will  commence  crystallizing  about  the  surface,  and  if  we 
break  the  crust  thus  formed,  and  pour  out  the  interior  liquid 
sulphur,  we  may  obtain  beautiful  crystals  of  sulphur. 

In  the  second  case,  we  dissolve  the  body  to  be  crystallized 
jind  then  allow  the  solution  to  evaporate  slowly.  The  dis- 
solved body  is  then  deposited  at  the  bottom  and  on  the 

Why  are  vesftda  often  hurst  "by  the  freezing  of  water  in  thsmt  PteeanUoiut 
Why  does  ice  float?  Explain  the  phenomenon  of  iceberge,  (219.)  What  are 
crTBtals?  What  is  crystallization  ?  Examples.  How  manj  tnethodi  of  txj^tiSSa»r 
ttonf   EzpUin  the  first  method!   The  Mcond method? 
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fiides  of  the  vessel  in  the  form  of  crystals.  The  slower  the 
process,  the  finer  will  be  the  crystals.  It  is  in  this  manner 
that  we  crystallize  candy  and  various  salts. 

Freezing  Miztures. 

990.  The  absorption  of  heat  which  takes  place  when  a 
body  passes  from  a  solid  to  a  liquid  state,  is  often  utilized  in 
the  production  of  intense  cold.  This  result  is  best  obtained 
by  mixing  certain  substances,  and  these  mixtures  are  then 
called  freezing  mixtures. 

A  mixture  of  one  part  of  common  salt  and  two  parts  of 
pounded  ice  forms  a  mixture  that  is  used  for  freezing  cream. 
The  salt  and  ice  have  an  affinity  for  each  other,  but  they 
can  not  unite  until  they  pass  to  the  liquid  state ;  in  order  to 
pass  to  this  state  they  absorb  a  great  quantity  of  heat  from 
the  neighboring  bodies,  and  this  causes  the  latter  to  freeze. 
By  means  of  a  mixture  of  salt  and  snow,  the  thermometer 
ma]^  be  reduced  to  0. 


TII. — VAPORIZATION.  —  ELASTIC   FORCE   OF   VAPORS. 


Vaporization.  —  Volatile  and  Fixed  Xaiqaids. 

991.  When  sufficient  heat  is  applied  to  a  Jiquid,  it  is 
converted  into  a  gaseous  form  and  is  called  a  vapor.  The 
change  of  state  from  a  liquid  to  a  gaseous  state  is  called 
vaporization. 

Conversely,  if  heat  be  abstracted  from  a  vapor,  it  will 
return  to  a  liquid  form.  The  change  of  state  fix)m  a  vapor- 
ous to  a  liquid  form  is  called  condensation. 

Vapors  are  generally  colorless,  and  are  endowed  with  an 
expansioeforce^  or  tension^  which,  when  heated,  may  become 
very  great. 

(MO.)  Whftt  is  a  freezing  mlzture?    Example.    Explain  its  action?   (221.) 
Wliat  is  Tsporizatiott  t    Condensation  ?   General  properties  of  vapors  f 
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The  nnmber  of  vapors  that  exist  at  ordinary  temperatures 
is  very  small.  Of  these,  watery  vapor  is  the  most  fiumHar, 
as  well  as  the  most  iinportant,  on  account  of  the  part  which 
it  plays  in  many  natural  phenomena. 

Liquids  are  divided  into  two  classes,  with  respect  to  the 
readiness  with  which  they  pass  from  the  liquid  to  the  vapor- 
ous state,  viz. :  volatile  liquids  and  fixed  liquids. 

Volatile  liquids  are  those  which  have  a  natural  tendency 
to  pass  into  a  state  of  vapor  even  at  ordinary  temperatures, 
such  as  ether,  alcohol,  and  the  like.  If  a  vessel  of  water, 
alcohol,  ether,  or  chloroform  be  left  exposed  to  the  air,  the 
liquid  is  slowly  converted  into  vapor,  and  disappears;  in 
other  words,  it  evaporates.  To  the  class  of  volatile  liquids 
belong  essences,  essential  oils,  volatile  oils,  amongst  which 
may  bo  mentioned  spirits  of  turpentine,  oil  of  lavender, 
attar  of  roses,  oil  of  orange,  and  the  like. 

Fixed  liquids  are  those  which  do  not  plissinto  vapor  at 
any  temperature,  as,  for  example,  fish  oils,  olive  oils,  and  the 
like.  At  high  temperatures  they  are  decomposed,  giving 
rise  to  various  kinds  of  gases,  but  to  no  true  vapors  that  can 
be  condensed  into  the  original  form  of  the  liquid.  Some 
oils,  like  linseed  oil,  harden  on  exposure  to  the  air,  but  it  is 
not  by  evaporation,  but  by  absorbing  oxygen  from  the  air, 
and  thus  passing  to  a  solid  state.  Some  solids  are  capable 
of  passing  directly  to  a  state  of  vapor. without  first  becoming 
liquid.  To  this  class  belong  camphor,  musk,  and  odorous 
bodies  generally.  Snow  and  ice  may,  under  certain  circum- 
stances, evaporate  without  melting. 

Evaporation  under  premmre. 
232«    The  influence  of  evaporation  by  pressure  may  be  illustrated 


The  most  important  vapor?  What  tvro  classes  of  liquids  haTO  wef  'What  are 
Tolatile  liquids?  Examples.  Illastrate.  What  are  fixed  liqnidif  ExamplM. 
Sffect  ot  high  temperatures  u^wi  ttxemt    QtV^^  vusa^loa  <if  toUdt  tiial  Tipwlw? 
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hjmwRt  ofui  appuatnt  ihowti  id  Fig.  143.  It  conitsts  of  &  curved 
tube,  the  short  branch  of  which  it  cliMad  and  filled  with  mercury ; 
the  meronry  alio  flili  a  portion  of  ihe  long  branch.  A  imall  qiiantitr 
of  ether  is  introduced  into  the  short  broncb,  'when  iC  at  once  riset  to 
tbe  top,  B,  of  this  branch.  At  ordiDary  temperatnrea,  the  pressure 
of  the  external  atmosphere  exerted  through  the  mercury,  is  sufficient 
to  prevent  the  ether  from  forming  vapor 

If,  however,  the  tube  is  plunged 
into  a  vessel  of  water  heated  to 
112*,  the  ether  will  be  converted 
into  vapor  and  will  occupy  a  cer- 
tain portion,  AB,  of  the  tube, 
holding  in  equilibrium  the  pressure 
of  the  atmosphere,  together  with 
tbe  weight  of  the  mercurial  columa 
whose  height  is  AC. 

If  tbe  tube  be  withdrawn  and 
allowed  to  cool,  the  vapor  of  ether 
will  be  condensed,  and  will  appear 
fts  a  liquid  at  B.  If  more  beat  be 
»pplied,  it  will  again  be  converted 
into  vapor,  and  the  mercury  will 
rise  in  the  branch,  C,  as  long  as 
any  ether  remains  to  be  evaporated. 
This  shows  that  the  tension  of  the 
Taper  augments  with  tbe  tempera- 
ture. This  principle  holds  true  for 
all  kinds  of  vapor. 

The  tension  acquired  by  the  va- 
por of  water,  or  *(«ini,  often  be- 
oomes  10  great  by  being  heated  as 
to  burst  the  strongest  vessels,  and 
thus  is  the  cause  of  frightful  accidents.  Tbe  cause  of  wood  snapping 
when  burned  in  a  (ire-place,  is  the  expansion  o(  the  water  in  tbe 
pores,  giving  rise  at  last  to  an  explosion.  When  a  chestnut  is 
roasted  in  the  ashes,  the  moisture  wiihia  the  ibell  expands  into 


S30  Ptwux  nnmcB. 

EteuD,  Hid  espbdet  vith  rodloimt  fiHVs  to  throw  th«  not  Crom  tbi 
lire.  Hentw  it  ia  that  >  unall  puoctim  u  nniallr  in«d«  in  tha  ibtll, 
-which  permiU  tho  cHape  of  the  itesm  Uid  proTenU  explosion 

InaUatwuoiw  BraponUoa  la  t  Vaobdu. 

933.  Vapors  formed  npon  the  sar&ce  of  a  liquid  escape 
by  virtue  of  their  tension.  Under  ordinary  c 
the  pressure  of  the 
air  prevents  a  very 
rapid  escape  of  va- 
por at  ordinary 
temperatures,  but 
when  the  atmos- 
pheric pressure  is 
diminished  in  any 
way,  evaporation 
takes  place  with 
great  rapidity.  If 
the  prcflsure  is  en- 
tirely removed,  the 
evaporation  is  in- 
stantaneous, like 
the  flash  of  gun- 
powder, especially 
if  the  liquid  is  very  ^W 
volatile.  "     " 

This  principle  maj 
be  illustrated  bf 
means  of  the  appara-  ^t  **•• 

tus  shown  in  Fig.  146. 

It  eonsista  of  several  barometer  tubes,  A,  B,  V,  D,  filled  with  mercarr, 
And  inverted  in  a  common  cistern  of  metcory,  at  shown  in  the 
fljuro.    The  whole  apparatna  is  supported  by  a  frame,  to  which  i» 

Sow  rtnediedt  (323)  Wh]>  Aa  vapon  Hciip«  ft 
Wliaii  tha  pnMdra  In  rsmsTsd,  wlut  haptwn*  I  Ado 
Mtfadf   Mtg4ai» --" 


tttna  tli«  mrftcM  of  IlqnUir 
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attached  a  gradaated  scale.  The  mercory  will  stand  at  the  came 
height  in  all  of  the  tubes,  at  the  height  in  J,  for  example. 

If  a  few  drops  oif  water  be  introduced  into  the  tube  B,  they  will 
rise  through  the  mercury  in  the  tube,  and  on  reaching  the  vacuum, 
will  be  instantly  converted  into  vapor,  as  is  shown  by  the  depression 
that  takes  place  in  the  column  of  mercury.  If  a  little  alcohol  be 
introduced  into  the  tube  C,  it  will,  in  like  manner,  be  converted 
into  vapor,  and  will  produce  a  still  greatef  depression  of  the  column. 
If  a  small  quantity  of  ether  be  introduced  into  the  tube  D,  a  still 
greater  depression  of  the  mercury  will  be  observed. 

This  experiment  shows  that  the  tension  of  the  vapor  of  ether  is 
greater  than  that  of  alcohol,  and  that  of  alcohol  greater  than  that  of 
water.  By  careful  measurement,  it  is  found  that  the  tension  of  the 
vapor  of  ether  is  twenty-five  times  as  great  as  that  of  water,  and 
six  times  as  great  as  that  of  alcohol. 

« 

liimit  of  the  Tension  of  Vapots. 

9d4.  If  a  sufficient  quantity  of  each  of  the  liquids  in  the 
last  experiment  be  introduced  into  the  tubes,  vapor  will 
finally  cease  to  form,  and  a  portion  will  remain  in  the  liquid 
state.  In  tMs  case  the  tension  of  the  vapor  already  formed 
is  sufficient  to  balance  the  tendency  of  the  liquid  to  pass  into 
a  state  of  vapor.  In  this  state  of  affairs  no  more  vapor  can 
form  without  a  change  of  temperature.  This  is  the  case 
supposed  in  the  last  article. 

Saturation. 

325*  When  a  ^ven  space  has  taken  all  of  the  vapor 
that  it  can  contain,  it  is  said  to  be  saturated.  For  example, 
if  water  be  poured  into  a  bottle  filled  with  dry  air,  and  the 
bottle  be  hermetically  sealed,  a  slow  evaporation  will  go  on 
until  the  tension  of  the  vapor  given  off  is  equal  to  the 
tendency  of  the  remaining  water  to  pass  into  vapor,  when  it 


What  dosa  iKa  taop^HmmU  9how  t    ( 224.)  When  does  Tapor  oease  to  fomif 
<S2S.)  WhMlfs^MoastiiraitadwltiiTi^or?   BuiBptot 
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will  cease.  In  this  case,  the  space  within  the  bottle  is 
saturated. 

It  is  a  remarkable  &ct,  established  by  nomeroos  experi- 
ments, that  for  the  same  temperature,  the  quantity  of  watery 
vapor  necessary  to  saturate  a  given  space  is  always  the 
same,  whether  that  space  is  a  vacuum,  or  whether  it  contain 
air  or  any  other  gas.  The  only  point  of  difference  in  these 
cases  is  the  rapidity  with  which  the  saturation  takes  place. 

If  the  temperature  varies,  the  amount  of  vapor  required 
to  saturate  a  given  space  will  vary  also.  The  higher  the 
temperature,  the  greater  will  be  the  quantity  of  vapor 
required  to  saturate  the  given  space,  and  the  lower  the 
temperature,  the  less  the  quantity  required  for  saturation. 

The  quantity  of  watery  vapor  in  the  atmosphere  is  very 
variable,  but  notwithstanding  the  continued  evaporation 
that  is  taking  place  from  lakes,  rivers,  and  oceans,  the  air  in 
the  lower  regions  of  the  atmosphere  is  never  saturated. 
The  reason  is,  that  the  vapor  being  less  dense  than  the  air 
at  the  surface,  rises  into  the  higher  regions,  where  it  is  con- 
densed by  the  greater  cold  existing  there,  and  &]ls  to  the 
earth  in  the  form  of  rain. 

Oauses  that  aooelerate  Bvaporatioii. 

936*  The  slow  evaporation  of  water  on  the  sur&ce  of 
our  globe  is  accelerated  by  many  causes,  some  of  which  are 

indicated  below : 

>. 

1.  Temperature, — ^Increase  of  temperature  also  increases 
the  tension  of  the  vapor  formed,  and  accelerates  evapora* 
tion. 

This  property  is  utilized  in  the  arts  in  the  manufacture  of  extracts. 
The  evaporation  is  carried  on  in  chambers  kept  at  temperatures  of 

What  is  the  law  of  sataration  at  a  glTen  temperature  ?  What  effect  has  *  ohaog* 
of  temperature  ?  Why  is  the  amount  of  vapor  in  the  atmosphere  variable?  (  226.) 
What  effect  has  increase  of  temperature  on  evaporation?    .flbw  is  fhU prwMrtm 
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from  80*  to  140*  F.,  the  air  being  continually  renewed  to  earry  off 
the  vapor  as  fast  as  formed. 

2.  Pressure. — ^Diminution  of  pressure  &cilitates  evapora- 
tion. 

This  principle  has  been  utilized  in  the  arts  for  the  concentration 
of  syrups.  This  application  is  illustrated  by  the  method  of  concen* 
trating  syrups  in  sugar  refining.  The  syrups  are  placed  in  large 
spherical  boilers,  from  which  the  air  is  extracted  by  means  of  air- 
pumps  worked  by  steam. 

3.  Change  of  air, — ^A  continual  change  of  the  air  in  con- 
tact with  the  liquid  facilitates  evaporation,  by  carrying  off 
the  vapor  which  would  otherwise  saturate  the  layer  in  con- 
tact with  the  liquid,  and  effectually  check  the  formation  of 
additional  vapor. 

It  is  for  this  reason  that  the  surface  moisture  of  our  fields  and 
roads  disappears  more  rapidly  when  there  is  a  breeze  than  in  calm 
weather.  In  the  arts,  the  principle  is  applied  by  keeping  a  current 
of  air  playing  across  the  surface  of  the  liquid  to  be  evaporated,  by 
means  of  blowers,  or  otherwise.   , 

4.  Extent  of  the  liquid. — ^A  large  surface  is  fiivorable  to 
n^id  evaporation,  by  affording  a  great  number  of  points 
from  wMch  Tapor  may  be  fonned. 

This  principle  is  utilized  in  the  arts  by  employing  shallow  and 
broad  evaporating  pans.  This  application  is  illustrated  by  the 
process  of  making  salt  from  sea- water.  The  water  is  spread  out  in 
large  pans,  which  are  very  shallow,  and  then  exposed  to*  the  influence 
of  the  sun's  rays,  when  the  water  slowly  evaporates,  leaving  the  salt 
in;  the  form  of  crystals. 

Hbullition. 

aay.  EBuixmoN,  or  BOILING,  is  a  rapid  evaporation,  in 
which  the  vapor  escapes  in  the  form  of  bubbles.    The 


Wliat  effect  has  pressure  ?  H(yw  is  ihit  utiUztd  t  What  eflfeot  has  change  of  air  f 
AppUoaiim^  qf  VUa  principU  t  What  effect  has  the  extent  of  liquid?  Bbw  vM- 
iMAU^HuwrUt  EiMmpU.   (22T)  WhatlsEbaUltioat 
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bubbles  are  formed  in  the  interior  of  the  liqrad,  and  riang 
to  the  Borfiwe,  they  oollapBe,  permitting  the  vapor  to  paaa 
into  the  lur. 

In  keating  wiler,  the  flnt  bnbbliw  mo  duo  to  the  small  qnantitio 
of  ftir  contained  in  the  liquid,  which  Sxp»nd  and  riM"  to  the  aurface, 
Afwrwarda,  aa  the 
heat  is  kept  up,  par- 
tiolea  of  water  are  con- 
verted into  vapor  and 
rise  through  the  li- 
quid, becomiDg  con- 
dented  by  the  colder 
layara  of  water  above 
them.  When  all  of 
the  layera  become 
anitablr  heated,  the 
bnbblcE  are  no  longer 
oaudensed,  but  rise  to 
the  Eurface,  and  es- 
cape with  a  commo- 
tion that  we  call  boil- 
ing, ai  shown  in  Fig. 
147. 

The  following  are 
the  laws  that  gov- 
ern the  phenomena 
of  ebullition :  Fig.  i«. 

1.   Under  the  same  pressure,   each  liquid   enters  into 
^uUition  at  a  Jiaxd  temperature. 

(  The  temperature  at  which  a  liquid  boils  is  called  its  ho^ 
ing  point.  When  the  barometer  stands  at  30  incb^  the 
boiluig  point  of  pnre  water  ia  212"  F.;  the  boiling  point  of 
ether  ia  lOS"  F.;  the  boiling  point  of  alcohol  is  174'  F^  and 
the  boiling  point  of  mercury  ia  660°  F. 

SuflaUOLtpIitiiomtiuK^iommg.    Vlial  li  tlw  flnt  law  oTcbollitlaBl    IQu- 
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2.  The  pressure  remaining  the  samey  a  liquid  can  not  he 
hecUed  Mgherthan,  the  boiling  point* 

For  example,  if  water  be  heated  to  212®,  it  will  begin  to 
boil,  and  no  matter  how  much  heat  may  be  applied,  it  will 
Bontinue  to  boil,  but  will  never  become  hotter  than  212®  ; 
all  the  applied  heat  passes  into  the  vapor  and  becomes 
latent.  It  becomes  latent,  because  it  does  not  heat  either 
the  water  or  the  steam  above  212®.  This  will  be  explained 
hereafter. 

Oaases  thA^  modiff  the  boiling  point  of  Liquids. 

938.  Tbe  principal  causes  that  influence  the  boiling 
point  of  liquids,  are :  the  presence  of  foreign  bodies^  varia- 
tions ofpressure^  and  the  nature  oftfie  vessels  in  which  the 
hoiling  ift  edbeted;  -  ^ 

1.  ^resehce  of  foreign  bodies. — Matter  in  solution  gener- 
all  J  raises  the  boiling  point  of  a  liquid.  Thus,  a  solution  of 
salt  dbes  iQL6t  boil  so  readOy  as  pure  water.  I^  however, 
the  bodjr  dissolved  is  more  volatile  than  water,  then  the 
boiliiig  point  i9  lowered.  Fatty  matters  combined  with 
water,  raise  its  ix>iling  point.  Hence  it  is,  that  boiling  soup 
is  hotter  than  boiling  water. 

2.  Variations  of  pressure. — ^Increase  of  pressure  raises, 
and  diminution  of  pressure  depresses,  the  boiling  point. 
When  the  pressure  is  great,  the  vapor,  in  order  to  escape, 
must  have  a  high  tension,  and  this  requires  a  high  temper- 
ature.    When  the  pressure  is  small,  the  reverse  is  the  case. 

This  principle  may  be  illustrated  by  the  apparatus  shown  la 
Fig.  148.  It  consists  of  a  bell-glass^  connected  with  an  air-pump. 
Beneath  the  glass  is  a  vessel  of  water.    If  the  air  be  exhausted  from 

What  is  the  seeond  law  f  Bliistnite.  (  828.)  What  are  the  principal  causes  that 
modify  the  bcAliog  point  ?  What  is  the  elfeot  of  impnritieat  Dlnstrate  hj  examples. 
Wha4  is  tlMie0Bot  of  pmswat  JOuuttoil^.  Mkipioin  ttt  tftfftwfaMtrft 
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the  bell^Blaw,  Um  vator  mten  into  abnllitioii,  tna  t  kSmi  I 
tcmpontniM.    Thu  u  bceaiiM  Um  priiiure  u  diminiiihad. 


If  it  is  desirable  to  continue  the  ebullition  far  some  titm,  u 
STTangement  niust  bo  mule  to  removB  the  vapor  at  fftat  u  fonned. 
This  can  be  effected  by  placing  a  dish  of  lulphoric  &cid  onder  tb> 
bell-glass.  The  acid  absorbs  the  vapor'with  great  avidity,  Furlhar* 
more,  there  is  no  increase  of  temperature  in  the  water,  bat  on  Iki 
contrary  the  temperature  continually  falls,  and  the  -water  may  VM 
be  frozen. 

The  same  principle  may  be  further  illnstrated  by  a  little  inslni- 
ment,  shown  in  Fig.  149,  called  Fkahklin's  Puise  Glais.     11  coniiEti 


J&«»i»My  rtalif  b»/nMik  by  waperwtMtt    W*^Mu>'^^xgaxi\  f^itm  tiam. 


TAFOBISAIIOK. 


233 


wi  a  glass  tube,  bent  twice  at  right  angles,  and  terminating  at  each 
extremity  in  a  bulb,  one  of  which  is  somewhat  larger  than  the  other. 
Before  the  larger  bulb  is  sealed,  a  quantity  of  water  is  introduced, 


A 


Fig.  149. 

■nflkiaiit  to  fiU  the  smaller  one  and  a  part  of  the  larger  one,  and  this 
is  then  made  to  boil  over  a  spirit  lamp  until  the  air  is  driven  out 
and  the  entire  space  is  filled  with  steam.  When  this  is  effected,  the 
large  bulb  is  hermetically  sealed  by  means  of  a  jet  of  flame,  directed 
aeroM  the  open  end  of  the  tube.  The  space  above  the  water  is  then 
fllled  with  steam,  which,  as  the  instrument  eools,  is  reduced  to  a  low 
degree*  of  tension.  In  this  state  of  affairs  the  heat  of  the  hand 
applied  to  the  small  bulb  is  sufficient  to  make  the  water  boil,  as 
indicated  in  the  flgure. 

3.  NaJtwre  of  the  vessel. — ^When  the  interior  of  the  vessel 
Is  rough,  the  projecting  points  form  centres  for  developing 
vapor,  and  the  boiling  point  is  lower  than  when  the  surface 
18  smooth.  Water  boUs  at  a  lower  temperature  in  an  iron 
than  in  a  glass  vessel.  In  fixing  the  boiling  point  of  ther- 
mometers, a  metallic  vessel  should  always  be  employed  to 
boil  the  water  in,  on  account  of  the  fact  just  mentioned. 


What  eflbet  has  the  nature  of  the  Teasel  on  ebnlUtion?   lUnstrate. 


S99.  When  water  ii  heated  in  open  Teaaela,  ita  teropentm 
cm  Dot  be  railed  beyond  a,  certain  limit,  bat  in  closed  vesNli  bulk 
the  water  and  ita  Taper  may  be  raised  to  Tory  high  temperatnrM,  n 
that  the  tension  of  the  Tapor  may  reach  several  atmaBpheiai.  Tk» 
inttrumeut  employed  to  show  this  fact  is  called  PjtPix's  Digtriir, 
M  called  because  Papih  iuTented  it  for  extracting  the  natrimttd 
from  bonei. 

It  is  represented  in  Pig.  150,  and  consiatt  of  a  thick  brcvua  tcmI, 
M,  whose  corer  is  held  in 
place  by  a  screw  passing 
through  a  atrong  frame.  To 
avoid  danger  of  explosion, 
the  instrument  is  provided 
with  a  safety-valve,  similar 
to  that  used  in  Bteam-engine 
boilers.  The  aafety-valve 
coDsistti  of  a  ralve,  u,  fitting 
closely  over  an  opening  in 
the  cover.  This  valve  is 
held  in  place  by  a  lever,  ah, 
and  a  movable  weight,  p. 
One  end  of  the  lever  is 
fastened  at  a  by  a  hinge- 
joint.  By  moving  the  weight 
p,  along  the  lever,  we  may 
vary  the  foroe  with  which 
the  valve,  u,  is  kept  in 
place. 

Suppose  the  weight,  p,  tu 
be  30  lbs.,  or  2  stmo^pberes, 
then  if  the  distance  ad,  is  made  equal  to  four  times  the  diatanee  ««, 
from  the  principle  of  the  lover  the  pressure  upon  the  valve  will  l« 
that  of  the  atmosphere  increased  by  120  lbs.,  that  is,  it  will  be  eqiul 
to  5  atmospheres,  and  whenever  the  tension  of  the  Tapor  within  tbe 
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digMter  exceeds  this,  the  t&Ivs  will  be  forced  open,.Md  ■  portion 
of  the  Bteun  will  escape  with  a  whiHtliug  Bound  that  iodicatei  great 
cotnpreBsion. 

If  the  valve  be  left  open,  the  temperature  can  only  bo  raised  to 
212°,  and  we  have  the  phenomena  of  aimple  boiling.  If  water  be 
heated  in  a  well  corked  bottle,  the  tension  of  the  vapor  will  finally 
cause  the  cork  to  spring  from  its  place  with  a  loud  explosion. 

It  is  the  high  tension  of  con- 
fired  vapors  that  giives  rise  to 
the  explosion  of  Bteam-boilers. 
Hence  the  necessity  of  oon- 
■tructing  them  of  strong  male* 
rials,  and  of  providing  them 
with  proper  safety-valves. 

Ueasnra    ^    the    Blastie 
Fore*  of  Tapor. 

380.  Dalton  measured 
the  elastic  force  <^  watery 
vapor  at  ereiy  tempera- 
ture, from  32°  F.,  up  to 
212°  F.,  by  means  of  the 
apparatus  shown  in  Fig. 
151. 

This  apparatns  consists 
of  two  barometer  tubes,  A 
aad  Sy  filled  with  mercury, 
and  inverted  in  an  iron 
boiler,  also  filled  with  the 
same  liquid.  The  tube.  A, 
contains  mercury  alone, 
vhilst  the  tube,  S,  contiuns 
a  small  qaantity  of  water 

Bhutrate  <ti  km  »v  <»  tteamjiU.  What  eatat*  M^lMloBt  ijf  M»am-lH>atrif 
to  it  laJC4K.  ( S60-)  EiplidD  Dutok*!  >pp«ntiu  fti  nuunilng  th* 
ors,  ind  ths  malhod  of  Qsln(  lb 
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aboye  the  mercury.  The  tubes  are  kept  in  place  by  a 
wooden  frame,  placed  m  a  long  glass  cylinder  filled  with 
water.  A  thermometer,  t,  is  plunged  into  the  water  for  the 
purpose  of  determining  its  temperature.  When  heat  is  ap- 
plied to  the  boiler,  the  temperature  of  the  whole  apparatus 
is  rabed,  and  the  water  in  the  tube,  JBy  is  converted  into 
*  vapor,  whose  tension  is  made  known  by  the  difference  of 
level  of  the  mercury  in  the  tubes,  A  and  J3.  This  differ- 
ence is  measured  by  a  scale  attached  to  the  cylinder. 

For  example,  i^  when  the  thermometer  stands  at  158®  F., 
the  difference  of  level  in  the  tubes  is  9  inches,  we  say  that 
the  tension  of  vapor  at  158°  is  9  inches  of  mercury,  or 
4.5  lbs.,  that  is,  it  presses  each  square  inch  of  sur&ce,  with 
which  it  is  in  contact,  with  a  force  of  4.5  lbs. 

DaLton  increased  the  temperature  from  32**  to  212*",  noting  at 
each  degree  the  difference  of  level  between  the  mercury  in  the  tubes, 
-  and  thus  was  enabled  to  form  a  table  showing  the  elastic  force  of 
vapor  at  all  temperatures  within  these  limits. 

DuLONO  and  Arago  have  more  recently  extehded  Dalton's  table 
to  temperatures  above  212"*.  Their  investigations  show  that  the 
tension  of  watery  vapor  at  212*  F.  is  1  atmosphere;  at  250*  F.  it 
is  2  atmospheres;  at  273**  F.  it  is  3  atmospheres;  at  291"  F.  it  is 
4  atmospheres ;  at  306*  F.  it  is  5  atmospheres. 

From  all  of  these  results  we  infer  that  the  tension  increases  very 
rapidly  with  the  temperature. 

Iiatent  Heat  of  Vapots. 

331.  When  a  liquid  begins  to  boil,  all  of  the  heat  that 
is  added  enters  into  the  vapor  and  becomes  latent.  The 
amount  of  heat  that  becomes  latent,  is  different  for  different 
liquids.    It  is  called  the  latent  heat  of  vaporization. 

It  has  been  ascertained  by  experiment  that  the  latent  heat  of 
watery  vapor  b  about  990°  F.,  that  is,  it  takes  5^^  times  as  mach 


Example.  Between  what  UmiU  doM  Daltoh's  table  eaat&nd  t  What  gwrcA 
in^rsnes  may  be  drawn  f  (231.)  What  ia  latent  heat  of  yaporization?  Vhai 
doee  it  amount  to  for  waiter  f 
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heat  to  oonrert  any  qnantity  of  water  into  steam  as  is  required  to 
raise  the  same  quantity  of  water  from  the  freezing  to  the  hoiling 
point.  This  may  be  verified  by  mixing  1  lb.  of  steam  at  212^  with 
5i  lbs.  of  water  at  32°.  The  latent  heat  hecomes  sensible  by  the 
condensation  of  the  vapor,  and  there  results  6i  lbs.  of  water  at  212". 

Zbnmples  of  Oold  produced  by  Heat  beoolliing  Iiatent. 

332*  If  a  few  drops  of  ether  be  poured  upon  the  hand  and 
allowed  to  evaporate,  a  sensation  of  cold  will  be  felt.  The  ether  in 
eTaporating  extracts  the  heat  from  the  hand,  which  becomes  latent. 

Damp  linen  feels  cold  when  applied  to  the  body,  because  the 
moisture  in  passing  to  a  state  of  vapor  extracts  the  animal  heat, 
'whieh  entering  the  vapor,  becomes  latent. 

The  warm  wind  of  summer  is  refreshing,  because  it  causes  a  more 
rapid  evaporation  of  the  perspiration,  which  abstracts  animal  heat 
from  the  body  to  become  latent  in  the  vapor  thus  produced.  The 
coolness  that  results  from  sprinkling  the  floor  of  an  apartment  in 
summer,  arises  from  the  passage  of  heat  from  a  sensible  to  a  latent 
state,  in  consequence  of  the  evaporation  of  the  water.  For  the  like 
reason,  a  shower  of  rain  is  generally  followed  by  a  diminished  tem- 
perature. 

Water  may  be  cooled  by  putting  it  in  porous  vessels.  A  small 
quantity  escapes  through  the  pores,  and  in  evaporating  abstracts  a 
portion  of  heat  from  the  remaining  liquid,  thus  reducing  its  temper- 
ature. This  is  the  process  of  cooling  water  employed  in  many 
tfl)pical  countries. 

Oongelation  of  Water  and  Mexonry  in  a  Vaoaum. 

333.  When  evaporation  is  rapidly  increased,  the  ab- 
sorption of  heat  is  proportionally  increased,  and  as  it  is 
taken  from  the  surrounding  objects,  these  are  sometimes 
frozen.    It  has  been  stated  that  water  may  be  frozen  under 

Scv>  U  ihit  th&umt  (233.)  Why  doM  ether  produes  eold  "by  MfoporatUmr 
Why  does  damp  linen  feel  cold  t  Why  U  warm  wind  r^ireehdng  in  twmmer  t 
IQ^  ^f  fpriiUUing  t  Of  a  ekowert  How  it  water  coded  in  porvut  94mkt 
i  MS.)  Whj  does  •yaporation  pi<odiie«  oold  in  •arronading  oblMlit 
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the  receiver  of  the  air-pmnp  by  absorbing  the  vapor  ai 
rapidly  as  it  is  generated. 

By  operating  with  a  liquid  more  volatile  than  water,  a 
greater  degree  of  cold  is  produced.  By  using  solphnroiu 
acid,  which  boils  at  14^  F.,  a  sufficient  degree  of  cold  is  pro- 
duced to  freeze  mercury.  This  is  effected  by  surrounding 
a  thermometef  bulb  with  cotton,  saturated  with  sulphurooB 
acid,  and  then  placing  it  under  a  receiver  and  exhaustiDg 
the  air. 

The  rapid  vaporization  abstracts  so  much  heat  from  ibB 
mercury  that  it  freezes  in  a  few  minutes.  If  we  break  the 
bulb,  the  mercury  is  found  in  a  solid  mass  fike*  a  leaden 
bullet.  In  this  form  mercury  can  be  drawn  out  into  sheets, 
or  stamped  like  a  coin,  but  it  soon  absorbs  heat  from  neigh- 
boring bodies,  and  again  passes  to  a  liquid  state 


VIII. —  CONDENSATION     OF    OASES    AND     TAPOBS.— SPECmO     HEAT. 

Oaases  of  Oondensatioii. 

234.  The  Condensation  of  a  vapor,  is  its  change  from 
a  vaporous  to  a  liquid  state.  This  change  of  state  may  arise 
from  chemical  (zction^  pressure^  or  diminution  of  temper 
ature.  ^ 

.1.  Chemical  oc^ion.-^The  affinity  of  certain  substances 
for  the  vapor  of  water  is  so  strong  that  they  absorb  it  from 
the  air,  even  when  the  latter  is  not  saturated;  such,  for 
example,  are  quick-lime,  potash,  sulphuric  acid,  and  many 
others.  When  placed  in  a  closed  space,  they  in  a  short  time 
abstract  all  of  the  moisture  in  it. 

2.  Pressure. — ^If  a  closed  cylinder  is  filled  with  vapor,  and 

Explain  the  experiment  with  snlphnroos  acid.    Can  mercnrjbe  froienf    (S84) 
What  is  condensation  of  a  vapor?    Caaiei  ?    ElTeet  of  chomieal  aetloii f 
EfliMtoifpr«iiimT 
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this  be  compressed  by  a  piston,  as  soon  as  the  space  occu- 
pied by  the  yapor  is  saturated,  it  will  begin  to  condense, 
and  if  the  pressure  bo  continued,  all  the  vapor  will  be 
reduced  to  the  liquid  state.  Until  the  space  becomes  satu- 
rated, the  pressure  must  be  continually  increased,  on  account 
of  the  augmented  tension  of  the  vapor,  but  after  lique&ction 
b^ins,  no  further  augmentation  of  tension  takes  place,  and 
the  pressure  required  to  complete  the  lique&ction  remains 
umform. 

8.  Diminution  of  temperature. — ^When  the  temperature 
of  any  space  is  diminished,  the  amount  of  vapor  required  for 
saturation  is  diminished.  After  the  point  of  saturation  is 
reached,  any  further  diminution  of  temperature  causes  a 
deposit  of  the  vapor  in  a  liquid  form. 

Steam  is  colorless,  but  when  allowed  to  escape  into  the  cold  air, 
condensation  takes  place  in  the  form  of  drops,  which  become  visible. 
For  the  same  reason,  the  moisture  contained  in  the  breath  becomes 
visible  in  cold  weather. 

In  winter  the  glass  of  our  windows  often  becomes  coated  with 
drops  like  dew.  This  arises  from  the  fact  that  the  glass  is  colder 
than  the  air  of  the  room,  and  thus  acts  continually  to  produce  con- 
densation of  the  vapor  in  the  air.  If  the  difference  of  temperature  is 
■ufficient,  the  particles  of  vapor  are  frozen  as  they  are  deposited, 
prodhcing  beautiful  crystallizations.  When  the  external  air  is 
warmer  than  that  within,  the  deposit  takes  place  on  the  outside  of 
the  glass.  If  a  vessel  of  cold  water  be  placed  'in  a  warm  room,  a 
deposition  of  moisture  takes  place  on  its  exterior  surface. 

The  nearer  the  air  is  to  saturation,  the  more  abundant  is  the 
deposit  of  dew.  Henpe,  before  a  rain,  the  deposit  is  especially 
abundant.  Stone  walls,  and  the  like,  being  cooler  than  the  atmos- 
phere, are  often  in  summer  covered  with  moisture,  when  they  are 
■aid.  to  sweat.     The  moisture  in  this  case  is  condensed  from  the  air, 


niiiatnite.  How  long  must  the  prearare  angmentf  EfllBot  of  dimintitlon  of  tern- 
pOTstnnf  What ii the eolarqf9t4afnr  Whf does U become vMbUf  JBxpkUnthe 
dspo§iiimi  qfdrope  on  gUue,  Ei»pk^firo9Uwork  orytUOe.  Wh^Uih%d^potU*on 
m9r€  al%nrfanf  >^^br#  ralm  t   l>epotmonomdoHmam4walUt 
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and  does  not  oome  from  the  stones.  If  the  sweating  of  stones  is 
indicative  of  rain,  it  is  because  the  deposition  is  most  abundant  when 
the  air  is  most  nearly  saturated. 


Beat  dttvelqiMd  liy  OondmuHitloa. 

9Z5.  When  a  liquid  passes  to  a  state  of  vapor,  a  great 
quantity  of  heat  is  absorbed  from  neighboring  bodies,  and 
becomes  latent.  When  the  vapor  returns  to  a  liquid  state, 
an  equal  amount  of  heat  is  given  out  and  becomes  capable 
of  affecting  our  senses ;  in  other  words,  it  becomes  sensihU. 


Heating  liy  Steam. 

336*  Buildings  are  heated  by  means  of  steam  conveyed 
from  a  boiler  in  the  lower  story,  through  iron  pipes  in  the 
walls.  The  steam,  by  its  heat  and  by  the  heat  given  out  on 
condensation,  serves  to  warm  the  apartments  through  which 
it  is  made  to  pass.  To  this  end,  coils  of  pipes  are  placed  in 
the  rooms  to  be  warmed. 


Distillation. 

987*  Distillation  is  the  process  of  separating  liquids 
from  each  other  by  means  of  heat. 

The  most  volatile  of  the  liquids  is  most  easily  evaporated, 
and  its  vapor  is  then  condensed.  The  heat  should  be  kept 
above  the  boiling  point  of  the  liquid  that  we  wish  to  obtain, 
but  below  that  which  we  wish  to  leave  behind.  The  boiling 
point  of  alcohol  being  174°  F;,  and  that  of  water  212**,  if  a 
mixture  of  alcohol  and  water  be  heated  up  to  some  tem- 
perature between  these  limits,  the  alcohol  will  all  be  vapor- 
ized, whilst  most  of  the  water  will  remain  behind. 


Whv  indUmHvs  tf  roAm,  f  ( 285.)  Explain  th«  d«Telopmeot  of  heat  Iqr  oondtB- 
•atlon  r  ( 286.)  Explain  the  prindpla  of  lieatlng  bnildlnffi  hj  stMrn?  (  887.)  Wkrt 
U  dlatUlatton  t    What  dagTM  «f  hmt  is  nqnlrad  for  dUtUlatf  oa  t 
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X 


Ths  AletnUo. 

V 

•SS.    An  Alehbic,  or  Still,  is  an  apparatus  for  distilla- 
"tiBn.. 

,  The  moBt  usual  form  of  an  alembic  is  represented  in 
ll^^fig.  152.    It  is  coiuposed  of  a  boiler.  A,  with  a  cover,  B^ 


.  oallfld  the  dmne  ;  from  the  top  of  the  dome  a  metallic  tuhe, 
<7,  passes  into  a  Tessel,  S,  called  the  condenser,  and  is  then 
bent  into  a  spiral  form.  This  tube  ia  called  the  worm,  and 
after  passing  through  the  condenser,  S,  it  leads  to  a  receiver, 
D.  The  condenser,  S,  is  kept  full  of  cold  water  by  an 
arrangement  shown  in  the  figure. 

The  substance  to  be  diBtilled  is  placed  in  A,  and  a  suitable 
heat  is  then  applied.    The  more  volatile  portion  is  converted 


(SS9.)  VlutliuAloabict    I>e*eTlba th* m. 


Diulltent    Haw  !•  diMUlitlon 
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iato  vapor,  rises  into  the  dome,  and  passing  throagh  the 
worm,  is  condensed,  and  escaj^es  in  a  liquid  form  into  the 
receiver,  D. 

Wine  is  oomposed  of  water,  alcohol,  and  a  coloring  matter.  If 
this  liqaid  be  placed  in  the  alembic  and  heated  to  any  temperature 
between  174''  and  212°,  the  alcohol  is  separated  from  the  other 
ingredients.  As  a  portion  of  water  is  evaporated,  the  alcohol  thus 
obtained  is  not  pure,  and  will  require  to  be  distilled  again.  At 
each  distillation,  the  strength  is  increased,  but  no  amount  of  distilla- 
tion can  render  it  absolutely  pure. 

By  distillation,  pure  water  may  be  obtained  from  the  brine  of  the 
ocean,  or  from  the  impure  water  of  our  wells  and  springs. 


Xiiq,ae£eu>tion  of  Gases. 

989«  Most  of  the  gases  have  been  liquefied,  either  by 
pressure  alone,  or  by  a  combination  of  pressure  \nth  a 
diminution  of  temperature.  An  immense  pressiire  may  be 
had  by  utilizing  the  tension  of  the  gases  themselves,  by 
generating  large  quantities  in  confined  spaces. 

One  of  the  most  interesting  examples  of  the  liquefaction  of  a  gas  is 
that  of  carbonic  acid. 

Carbonic  acid  is  capable  not  only  of  liquefaction,  but  also  of  con- 
gelation. For  this  purpose,  two  immensely  strong  cylinders  are 
fitted  together,  both  being  hermetically  sealed,  and  communicating  by 
a  pipe.  One  of  these  cylinders  is  the  generator,  and  the  other  the 
receiver.  In  the  generator  are  placed  the  ingredients  necessary  to 
generate  carbonic  acid,  usually  carbonate  of  soda  and  sulphuric  acid. 
After  the  opening  is  carefully  closed,  these  materials  are  brought 
into  contact,  when  an  immense  volume  of  carbonic  acid  is  developed, 
and,  being  unable  to  expand,  it&  tension  becomes  so  great  that  a  por- 
tion is  condensed  into  a  liquid  form.  The  tension,  at  the  temperature 
of  60"*  F.,  is  equal  to  50  atmospheres,  or  750  lbs.  on  each  square 
inch. 


Xsplain  the  me^od  of  dUMUng  alcohol  t    WaUn.f   ( 239.)  How  may  icaaes  b« 
Uqaefledf    Saample.    ^plainiheapparatutforliqw^ytngoarbonioaeidt   Tke 
proo€t9  9f  Uqu^/iicUon  t 
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After  liquefaction  has  ceased,  if  a  stop-cock  be  turned  so  as  to 
allow  a  part  of  the  confined  gas  to  escape,  a  portion  of  the  liquid 
acid  passes  to  a  state  of  vapor  with  immense  rapidity,  and  in  doing 
8o,  absorbs  so  much  heat  from  the  remaining  portion  as  to  freeze  it. 
The  frozen  acid  is  thrown  out  by  the  gaseous  jet  in  flakes  like  snow. 
It  is  very  white,  and  so  cold  as  to  freeze  mercury  instantly.  It 
evaporates  very  slowly,  and  when  tested  with  a  spirit  thermometer, 
its  temperature  is  found  to  be  112^  below  the  0  of  Fahrenheit's 
thermometer.  By  using  this  solid  with  other  substances  for  which  it 
has  an  affinity,  the  greatest  degree  of  artificial  cold  may  be  obtained. 

Spedfio  Heat  of  Solids  aad  Liquids. 

940*  Experiment  shows  that  different  bodies  require 
different  amounts  of  heat  to  elevate  their  temperatures 
through  the  same  number  of  degrees.  The  amount  of  heat 
required  to  heat  any  body,  a  certain  number  of  degrees,  is 
called  its  specific  heat. 

If  equal  weights  of  water,  iron,  and  mercury  have  the 
Earae  amount  of  heat  communicated  to  them,  the  mercury 
will  he  most  heated,  the  iron  next,  and  the  water  least  of 
all.  When  heated  to  a  certain  temperature,  water  absorbs 
ten  times  as  much  heat  as  iron,  and  thirty-three  times  as 
much  as  mercury. 

In  order  to  compare  bodies  with  respect  to  their  specific 
heat,  we  take  as  a  unit  the  amount  of  beat  necessary  to  raise 
a  given  weight,  say  1  lb.,  of  water  through  1°  F.  Two 
principal  methods  have  been  employed  to  ascertain  the 
relative  specific  heat  of  bodies. 

In  the  first  method,  the  body  to  be  experimented  upon  is 
brought  to  a  standard  temperature,  say  212°  F.,  and  is  then 
brought  into  contact  with  ice.    The  amount  of  ice  melted 

makes  known  the  quantity  of  heat  given  off  by  the  body  in 

» 

Bow  may  a  portion  hs  "ioUdiJUd  t    Describe  the  solid  gat.    How  may  intense 
ttlUL  h€  prodwsed  t    What  degree  of  FeLhrenhett  t   (  240.)  Wliat  is  speciflo  heat? 
Ifligli'H|tt.    How  do  we  compare  bodies  with  respect  to  speciflo  hujtl   T'*T;^*r>'^  ^iM 
ink  SMtbod  of  ^MUnainiag  ibB  eptdUe  he^t  of  s  body. 
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passing  from  212^  to  82®,  from  Tvhich  the  relative  specific 
heat  may  be  determined. 

In  the  second  method,  the  body  to  be  experimented  upon 
is  heated  to  a  certain  temperature,  and  then  plunged  into 
water  at  a  lower  temperature.  The  two  bodies  interchange 
heat  and  come  to  a  common  temperature.  Then,  from  a 
knowledge  of  the  weights  of  the  two  bodies  mixed,  their 
original  temperatures,  and  their  common  resulting  temper- 
ature, their  relative  specific  heats  may  be  determined. 

The  following  table  shows  the  specifio  heat  of  a  few  of  the  most 
important  substances : 

TABLE. 


BITBSTANOB. 

8PE0X7I0  HB4T. 

8ITBBTAKCS. 

BPBOIVXC  BXAT. 

Water 

Glass 

1.000 
0.198 
0.114 
0.006 

Copper 

Silver 

0.095 
0.057 

Iron 

Zinc  .. ... 

Mercury.... 

Platinum 

0.033 
0.032 

Of  all  these  bodies  water  has  the  greatest  specific  heat, 
and  consequently  it  requires  more  heat  to  raise  its  temper- 
ature through  any  given  number  of  degrees. 

Water  heats  slowly,  and  mercury  very  rapidly.  Of  course 
mercury  cools  rapidly  and  water  slowly. 

The  specific  heats  of  gases  have  been  determined  with  respect  to 
air  as  a  standard,  but  the  results  need  not  be  given  in  this  treatise. 


The  second  method.    What  body  hu  the  greatest  specific  heat  t    What  bodies  h«rt 
flwtest?    Coolfitstestr   EzampleSb 
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Hygrometry. 

5^1,  Htgrometet  is  the  process  of  measuring  the 
amount  of  moisture  in  the  air  with  respject  to  the  amount 
necessary  to  saturate  it; 

The  object  of  hygroraetry  is  not  to  determine  the  absolute  amotinl 
of  moisture  in  the  atmosphere,  but  simply  to  find  out  its  degree  Of 
saturation.  The  absolute  amount  ol  moisture  remaining  the  same^ 
>tho  atmosphere  might  at  one  temperature  be  saturated,  whilst  at 
some  other  temperature  it  would  be  far  from  saturation. 

In  winter  the  air  is  generally  damper  than  in  summer, 
though  in  the  latter  season  it  generally  contains  a  greatet 
absolute  amount  of  vapor  than  in  the  former.  This  is  duo 
to  difference  of  temperature.  For  the  same  reason  the  aif 
is  damper  at  night  than  in  the  day  time.  A  cold  room  is 
damper  than  a  warm  one  for  the  same  reason. 

Moisture  in  the  Air,  and  its  EfEidots. 

849«  The  quantity  of  moisture  in  the  air  varies  with  thA 
seasons^  with  the  temperature^  with  the  dimate^  and  with 
different  local  causes. 

When  the  air  is  too  dry,  the  exhalation  by  the  pores  of  the  skin, 
called  insensible  perspiration,  is  too  abundant,  the  skin  cracks,  and 
exfoliates,  and  much  suffering  results.  When  the  air  is  too  moist, 
the  insensible  perspiration  is  retarded  and  often  entirely  stopped, 
resulting  in  many  painful  diseases. 

Hence  the  importance,  in  a  sanitary  point  of  view,  of  regulating 
the  amount  of  moisture  in  our  dwellings  so  as  to  avoid  both  of  these 
extremes.     On  this  account  it  is  that  evaporators  are  attached  to  our 

(241.)  What  Is  Hygroraetry?  IlhuiraU.  Explain  the  difference  between  the 
fayj^rometricf  1  state  of  the  air  in  winter  and  samnier.  ( %A%.)  Under  what  oiroam- 
stances  does  the  quantity  of  moisture  in  the  air  vary?  Sooplain  ihs  ^ect  <^dryne^9 
and  tnoistwre  on  the  ^fstem.   Important  aanUary  prtcaiUion, 
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farnaeMj  irhieh,  when  properly  rognlated,  kwp  up  %  miitsble  d^raa 
of  iDoUlnre  in  the  hefttod  air,  furnished  ta  wwm  dot  apartmeub. 


The  BygroKopa. 

943.  A  Htoroscopb  ia  an  iastmmeDt  for  showing  the 
amount  of  moisture  in  the  air. 

Any  hygrometrio  aubatance,  that  is,  any  substance  capable 
ot  absorbing  moisture,  may  be  employed  as  a  hygrosco|)e. 
A  great  number  of  animal  and  vegetable  Bnbstances,  each 
as  paper,  parchment,  hur,  catgnt,  are  elongated  by  absorb- 
ing moisture,  and  are  shortened  when  dried,  and  are  there- 
fore adapted  to  the  construction  of  a  hygroscope.  We  shall 
.expltun  the  construction  of  a  angle  instrument  of  thiscJass 
in  illustration  ol  the  principle  employed  in  all. 

It  consists,  as  shown  in 
Fig.  163,  of  a  piece  o(  wood 
;Out  out  in  the  shape  of  a 
monk,  having  a  cowl  of 
jKtsteboard  turning  about 
an  asis,  a.  The  axis,  a, 
passes  through  the  neck  of 
the  figure,  and  connects 
■with  an  apparatus  shown 
in  the  section  AB,  en  the 
left  of  the  figure.  The  axis, 
a,  is  connected  with  a  piece 
ot  twisted  catgut  kept  tense 
by  a  spring.  When  the 
weather  is  dry,  the  catgut 
twists  tighter,  carrying  with 
it  the  axis  a,  and  the  monk 
lays  off  his  cowl,  as  shown  **  '** 

in  the  figure.    When  the  weather  is  damp,  the  cat^t  no- 

(MS)  Wh*tl>*Hrr<waiper    WliidntMtucMiiurbaoHdiiithaBiiMtmalliiB 
BfibTpwniMt    BxunplH.    Eipliln  tlw  Sjpowope  .howa  to  ri»  IM. 


twists,  and  the  monk  pats  on  his  cowL.  In  adjusting  the 
inatniment,  c&re  shonld  be  taken  to  have  the  cowl  on  the 
head  when  the  catgut  is  damp. 

Instniinenta  of  Ihis  kind  are  very  uncertHJa  in  their  action,  and 
■re  therefore  nsed  as  matten  of  curiosity  rstker  than  for  any  ecientiSo 
value  they  may  possess. 

nw  Hair  Eygnunetor. 


fl44.  A  Htoboukteb  is  an 
tl)e  amonot  of  molature  io  the  : 
Several  kinds  have  been  invented, 
but  the  h^  hygrometer  is  the  most 
used. 

This  instrument  is  constructed 
from  tjie  principle  that  a  hnir  elon- 
gates when  moistened,  and  shortens 
-when  dried.  The  form  uaually  given 
to  it  is  shown  in  Fig.  154.  A  hair 
about  eight  inches  in  lengtii  is  &st- 
ened  at  its  upper  end,  and  at  its 
lower  end  it  la  wound  around  the 
BziB  of  a  small  pulley,  and  then  U 
maifa  fist  to  it.  A  aUk  thread  is 
wonnd  aronnd  the  pulley  in  an  op-, 
poate  'direotion,  having  a  weight, 
J\  attached  to  it  to  keep  it  tense. 
A  needle  attadied  to  the  pulley 
ptays  in  front  of  a  graduated  arc,  as 
tile  hair  elongates  md  contracts, 


inatmment  for  measoring 


Fl(.  ICt 


To  gradaate  the  instrument,  it  is  placed  under  a  bel1-g1asE,  and 
the  air  is  thoroughly  dried  by  some  Bufastance,  such  as  quick-lime, 
wrhich  is  capable  of  absorbing  the  moisture  of  (he  air.  The  point  at 
which  the  needle  then  stands  is  marked  0.    The  air  is  then  salnrated 
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with  moisture,  and  the  point  at  which  the  needle  stands  ia  marked 
100.  The  intervening  space  is  divided  into  100  equal  parts,  and 
these  are  numbered  from  0  up  to  1 00.  The  temperature  is  noted  by 
a  thermometer  attached  to  the  frame  of  the  instrument. 

To  use  the  instrument,  wc  note  the  reading  of  the  needle 
and  of  the  thermometer,  and  fi*om  these  the  exact,  amount 
of  moisture  in  the  air  may  be  computed. 

.  BygrometriQ  state  of  the  Atmospheto. ' 

94  5*  By  the  hygbometbic  state  of  the  atmosphere,  we 
mean  its  relative  degree  of  saturation.  If  we  denote  com- 
plete saturation  by  1,  and  the  air  contains  half  the  amoont 
of  vapor  necessary  to  saturate  it,  its  hygrometric  state  will 
be  denoted  by  0.5. 

Gay  Lussac  has  constructed  a  table,  by  means  of  which  the 
hygrometric  state  of  the  air  may  be  found  when  we  know  the  read- 
ing of  the  hygrometer  already  described,  together  with  that  of  the 
attached  thermometer. 

Formation  of  Fogs  and  Clouds. 

946.  Fogs  and  Clouds  are  masses  of  vapor  condensed 
into  drops,  or  vesicles,  by  coming  in  contact  with  colder 
strata  of  the  atmosphere.  The  term  fog,  applies  when  these 
masses  are  in  contact  with  the  eartji,  and  the  term  cloudi 
when  they  are  suspended  in  the  air. 
*  The  air  at  all  times  contains  a  greater  or  less  quantity  of 
invisible  vapor,  and  if  at  any  time  the  air  becomes  cooled 
below  a  certain  limit,  p.  portion  is  condensed  and  becomes 
visible ;  the  result  is  either  a  fog  or  a  cloud. 

One  of  the  most  common  causes  of  clouds  is  the  cold  generated  oy 
an  ascending  current  of  air.     When  the  air  becomes  heated,  it  ex- 
How  is  it  used?    ( 245.)  What  is  meant  by  the  hygrometric  state  of  the  atmos- 
phero?     (34e.>  What  are  Fogs?     Cloadsr     How  are  fogs  and  dottds  formed? 
What  ii  a  common  oauM  of  a  cloud  f 


lUpf^   PKWi  >2fl>    9B08T.  ^{h 

pands  and  ascends,  and  being  continnally  subjected  to  a  diminishing 
pressure,  it  expands  rapidly,  and  a  large  amount  of  heat  must  become 
latent.  This  a'bsorption  of  heat  produces  cold  enough  to  condense 
-the  vapor  int«  clouds.  When  a  cloud  floats  into  a  warmer  stratum 
of  the  atmo8phere,  it  is  often  converted  into  invisible  vapor  and  dis« 
appears.     It  is  dissolved. 

Mountains  arrest  the  winds  blowing  frony  the  plains,  and  force 
them  to  ascend  their  sloping  sides.  Coming  in  contact  with  the 
colder  strata  of  the  atmosphere,  the  moisture  is  converted  into  clouds 
and  fogs.  Hence  we  often  see  the  mountam  tops  covered  with  fogs 
and  clouds,  when  the  other  portions  of  the  sky  are  clear.  The  con- 
densation of  water  on  the  sides  of  mountains  is  the  most  fruitful 
source  of  our  streams.  When  a  cold  wind  meets  with  a  warm 
and  moist  current  of  air,  the  cooling  process  is  so  great  as  to  generate 
elouds. 

Two  theories  have  been  advanced  to  explain  the  reason 
why  clouds  remain  suspended  in  the  air.  According  to  the 
Jirst  theory,  the  particles  of  moisture  are  hollow  spheres  of 
water  like  soap-bubbles,  filled  with  air  less  dense  than  that 
without.  Consequently  the  little  vesicles  float  in  the  air 
like  so  many  minute  balloons.  According  to  the  second^  and 
fevorite  theory,  the  particles  are  extremely  small,  and  float 
in  the  air  in  the  same  way  that  particles  of  dust  and  other 
small  bodies  are  seen  to  be  borne  along  by  the  atmos- 
phere. 

Fogs  form  over  bodiea  of  water  and  moist  grounds,  when  the  air 
above  them  is  cooler  than  the  water  or  earth. 

Fogs  are  frequent  along  the  course  of  rivers  and  upon  inland 
lakes.  The  cause  of  the  dense  fogs  that  prevail  in  the  neighborhood 
of  Newfoundland,  is  the  Gulf  Stream.  The  water  brought  by  the 
Gulf  Stream  is  warmer  than  that  of  the  surrounding  ocean,  and*  as  ^ 
the  vapor  rises  from  it,  it  is  converted  by  the  cold  air  from  the 
neighboring  regions  into  fog. 


When  doe^  a  doud  di^^olioe  f  ^JlietffnumntainJi  oncloudBf  VtUUy  of  ntnun^ 
tain  condensation  f  Explain  the  two  theories  of  the  fonnation  of  eloode.  Wher^ 
are/>g9m<t9t/reqtiefUf    Whpeomattf/JbgsimihelMntoeqfyeuifimndlaHdt 
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Rain. 

247.  Rain  ia  a  fall  of  drops  of  water  from  the  atrnos- 
phero.  When  several  particles  of  a  cloud  unite,  the  weight 
becomes  too  great  to  be  supported  by  the  air,  and  the  drop 
thus  formed  falls  to  the  ground. 

When  a  cloud  floats  into  a  colder  stratum  of  the  atmosphere,  it 
becomes  more  condensed,  and  we  have  a  fall  of  rain.  When  it  floats 
into  a  warmer  stratum  it  dissolves.  Hence  we  often  see  the  clouds 
of  the  morning  dissolve  under  the  influence  of  the  sun,  which  acts  to 
heat  the  upper  regions  of  the  atmosphere. 

The  quantity  of  rain  that  falls  in  any  country  depends 
upon  its  neighborhood  to  the  ocean  or  other  bodies  of 
water,  upon  the  season,  upon  the  temperature,  and  upon  the 
prevailing  direction  of  the  winds.  More  rain  falls  near  the 
coasts  than  in  the  interior ;  more  rain  falls  in  summer  than  in 
winter ;  more  rain  falls  in  tropical  climates  than  in  temper- 
ate and  polar  climates ;  and  finally,  more  rain  falls  in  those 
countries  where  the  prevailing  winds  are  from  the  ocean 
than  where  they  are  from  the  continents. 

The  following  table  indicates  the  number  of  inches  of  rain  that 
fall  during  the  year  at  the  places  named : 

At  Copenhagen 18  inches. 

"Paris ! 22      "      ' 

"   Havana 90      " 

«   Calcutta 81      " 

"  Grenada 126      "• 

^      From  this  we  see  that  the  quantity  of  rain  increases  rapidly  as  we 
approach  the  equatorial  regions. 


<  247)  What  Is  Sain  f   JSbptatn  ihe  eauM  of  rain.    Upon  what  d<x»s  the  ammmt 
«f  rain  in  anyplace  depend?    ffiv6  tooamplei  qfth*  amaufU  qfrain  4n  difbnHt 
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Daw  and  FrosL 

348*  Dew  is  a  deposition  of  watery  particles,  that  takes 
place  upon  the  soil  and  plants  during  the  calm  nights  of 
summer. 

The  true  theory  of  dew  was  first  established  by  Wells. 
According  to  his  theory,  dew  results  from  the  eailh  and 
plants  becoming  cooled  by  radiation,  thus  producing  a  de- 
posit of  moisture  from  the  neighboring  strata  of  air.  Good 
radiators  are  soonest  covered  with  dew,  whilst  bad  radiators 
have  little  or  no  detv  formed  upon  them. 

The  state  of  the  atmosphere  influences  the  amount  of  dew. 
When  the  air  is  clear,  the  dew  is  abundant,  when  cloudy, 
Kttle  or  no  dew  is  formed.  In  this  case  the  clouds  radiate 
heat  to  the  earth,  and  this  prevents  the  latter  from  cooling 
BO  rapidly.  A  strong  breeze  prevents  the  formation  of  dew, 
by  removing  the  strata  of  air  next  the  earth  before  they 
have  time  to  be  cooled  down  to  the  point  of  saturation,  or 
the  dew  point  A  gentle  breeze  may  facilitate  the  forma- 
tion of  dew,  by  replacing  the  layer  of  air  from  which  the 
water  has  been  deposited,  by  another  which  contains  more 
jDoisture. 

White  Fkost  is  nothing  more  than  frozen  dew.  It  is 
ofren  seen  in  autumn,  and  arises  under  the  same  circum- 
stances as  are  favorable  to  the  formation  of  dew.  In  order 
that  frost  may  occur,  the  earth  must  be  cooled  below  32**  F, 

Snow  and  HaiL 

249.    Snow  is  a  collection  of  frozen  particles  of  water, 
formed  in  the  upper  regions  of  the  atmosphere,  whence  itt 
&lls  to  the  ground  in  flakej. 


(248.)  What  is  Dew  f   What  is  Wells'  theory  of  dew  f   What  bodies  are  soonest 
eoyered  with  dew?    What  ones  have  little  dewnpon  them?    What  effect  has  th« 
state  of  the  atmosphere  on  dew  ?    Why  is  there  much  dew  on  clear  nights  ?    Little . 
on  eloody  Bights?   What  is  the  dew  point?   EfliQct  <tt  a  gentle  breeM?   What  la 
WblteFRNIt?   (S4a)  What  is  Snow? 
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Snow  flakes  are  made  up  of  crystals,  arranged  in  star-like 
forms  with  three  or  six  branches,  differently  arranged,  but 
always  remarkable  for  their  regularity  and  beauty.  When 
enow  falls,  the  temperature  of  the  air  is  near  32**  F.  If  the 
temperature  is  much  lower,  the  snow  is  less  abundant,  be* 
cause  the  amount  of  vapor  in  the  idr  is  less. 

The  quantity  of  snow  that  falls  in  any  place  is  generally  the 
greater  as  the  place  is  nearer  the  pole,  or  as  it  is  higher  ahove  the 
level  of  the  ocean.  At  the  poles,  and  on  the  summits  of  high 
mountains  in  all  latitudes,  snow  remains  through  the  entire  year. 
As  we  approach  the  equator,  the  region  or  perpetual  snow  rises 
higher  and  higher  ahove  the  level  of  the  ocean.  ^  In  the  Andes,  under 
the  equator,  the  limit  of  perpetual  snow  is  hetween  15,000  and 
X  6,000  feet  ahove  the  level  of  the  ocean ;  in  the  Alps  it  is  only 
10.500  feet  above  the  level  of  the  ocean;  towards  the  northern 
extremity  of  Norway  it  is  but  3,000  feet  above  the  ocean  level. 

Hail  is  composed  of  layers  of  compact  ice,  arranged  con- 
centrically about  nuclei  of  snow.  Its  formation  is  undoubt- 
edly of  electrical  origin,  and  will  be  again  treated  of  under 
the  head  of  electricity. 

Winds. 

950.  Winds  are  currents  of  air,  moving  with  greater 
or  less  rapidity.  They  are  generally  named  from  the  quarter 
whence  they  blow ;  thus  a  wind  that  blows  from  the  east 
is  called  aa  east  wind,  and  so  for  other  winds.  Winds  are 
sometimes  named  from  some  local  peculiarity.  Thus  we 
have  trade  winds^  monsoons^  siroccos^  and  the  like.  The 
prevailing  directions  of  the  wind  are  different  in  different 
countries,  for  reasons  that  will  be  explained  hereafter. 

Causes  of  Winds. 

» 

351  •  Winds  are  caused  by  variations  of  temperature  in 
the  atmosphere ;   these  variations  produce  expansions  and 

Bescribo  a  snow  flalce.    What  law  ffOveriM  fhs  fafl  o/anmof    What  is  HaU? 
(860.)  What  are  Winds f    Howfiamedt    (251.)  Wliat  are  the  eaofiesof  winds? 


cbntractioiiSy  tlras  disturbing  the  equilibrium  of  the  atmos- 
phere, causing  currents.  These  currents  are  winds.  For 
example,  if  the  air  is  more  heated  over  one  country  than 
over  the  neighboring  countries,  it  dilates  and  rises,  its  place 
being  supplied  by  the  colder  air  which  flows  in  from  the 
surrounding  regions.  The  surplus  of  air  thus  brought  in 
flows  over  at  the  top  of  the  ascending  column.  Hence 
there  isa  current  near  the  earth  in  one  dh*ection,  whilst  at 
a  higher  elevation  there  is  a  current  flowing  in  a  contraiy 
direction. 

Regular,  Periodio,  and  Tariable  Windi. 

9«I9*  Winds  are  divided  into  three  classes:  Regulab 
Winds,  Periodic  Winds,  and  Variable  Winds. 

1.  Regular  winds. — ^Regular  winds  are  those  which  blow 
throughout  the  year  in  the  same  direction.  They  occur  in 
the  neighborhood  of  the  equator,  extending  on  each  side 
about  30  degrees.  From  their  advantage  to  commerce  they 
are  called  trade  winds.  On  the  north  side  of  the  equator 
they  blow  from  the  north-east,  on  the  south  side  they  blow 
from  the  south-east. 

The  trade  winds  arise  from  currents  of  air  flowing  from 
the  polar  re^ons  towards  the  equator  ;•  the  velocity  of  the 
earth  about  its  axis  being  greater  as  we  approach  the 
equator,  these  winds  lag  behind  as  it  were,  and  become  in- 
clined to  the  westward,  giving  north-east  winds  on  the  north- 
side,  and  south-east  ones  on  the  south  side  of  the  equator. 

2.  Periodic  winds, — ^Periodic  winds  are  those  which  at 
regular  intervals  of  time  blow  from  opposite  directions. 
Such  are  the  monsoons  that  prevail  in  the  Indian  oceari^ 

( ■  6?.)  How  are  winds  divided?  What  are  regular  winds?  Where  do  they 
oocar?  What  are  they  called?  What  is  their  direction  on  the  north  side  of  the 
equator?  On  the  aoath  side?  Explain  the  cansei  of  the  trade  winds?  What  ara 
periodic  winds? 
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Mowing  one  half  of  the  year  from  north-east  to  sonth-westy 
and  the  other  half  m  the  opposite  direction.  When  the  son 
is  on  the  north  of  the  equator,  the  southern  portion  of  the 
Asiatic  continent  is  warmer  than  the  southern  part  of  Africai 
and  the  Winds  blow  from  south-west  to  north-east;  when 
the  sun  is  on  the  south  side  of  the  equator,  the  reverse  is 
the  case. 

3.  Variable  winds. — ^Variable  winds  are  those  which  blow 
sometimes  in  one  direction  and  sometimes  in  another,  with- 
out any  apparent  law  of  change.  The  further  we  recede 
from  the  equatorial  re^ons,  the  more  vaiiable  are  the  winds 
in  their  character. 

Th0  Simoon.— Hie  Siroocob 

953.  The  Simoon  is  a  hot  wind  that  blows  from  the 
deserts  of  A&ica.  It  is  felt  in  the  northern  and  north- 
eastern parts  of  the  Afiican  continent.  During  its  preva- 
lence the  thermometer  often  rises  to  120^  F.  In  the  desert 
this  wind  becomes  suffocating  from  its  heat  and  dryness. 
Travellers  exposed  to  it  cover  their  £ices  with  thick  cloths, 
and  their  camels  turn  their  backs  to  escape  its  injurious 
effects.  . 

The  Smocco  is  a, hot  wind  that  sometimes  is  felt  in  Italy. 
When  it  blows,  people  remain  in  their  houses,  taking  care  to 
close  every  door  and  window.  Some  suppose  this  to  be  a 
continuation  of  the  simoon  from  the  African  desert,  others 
think  that  it  has  its  origin  in  Sicily. 

Velooity  of  Winds. 

''   9M«    The  velocity  of  winds   is  very  variable.     The 
velocity  is  measured  by  instruments  called  anemometers. 

Explain  tbe  euM  of  the  monsooiis.  What  are  TaHaWe  winds?  Wben  are  th^ 
most  TariaUer  (968.)  What  ia  the  Simoon}  SxplaUL  What  to  tha  Siroow? 
SspteUk    (M4.)  WhattoaaaoflmoiDelerr 
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TIiefie\ioo^  of  a  species  of  windmill  attached  to  a  train  of 
wheel-work,  hy  means  of  which  the  number  of  revolutionn 
per  minnte  can  be  registered.  From  the  nmnber  of  revola 
lions  the  velocity  can  be  computed. 

*  The  velocity  of  the  gentlest  breeze,  or  zephyr,  is  not  more  than 
one  mile  per  hour }  a  moderate  wind  travels  at  the  rate  of  4 i  to  5 
miles  per  hoar,  a  brisk  wind  20  miles  per  hour,  a  tempest  40  to  50 
miles  per  hour,  and  a  hurricane  from  90  to  100  miles  per  hour. 


Z.  —  SOUBCES  or  HEAT  AND  COLD. 

Sonioes  of  Beat. 

!t55.  The  principal  sources  of  heat,  are :  the  9un,  dec* 
tricity^  chemical  combination  and  conibuation^  pressure  and 
percussion^  and  friction, 

1.  The  sun. — ^The  sun  is  the  most  abundant  source  of 
heaU  We  are  ignorant  of  the  cause  of  heat  in  the  sun's 
rays. 

It  has  been  computed  that  the  heat  received  from  the  sun  by  the 
earth  in  a  year  is  sufficient  to  melt  a  layer  of  ice  extending  over  the 
entire  globe,  and  100  feet  in  thickness.  Yet  on  account  of  the  great 
distance  of  the  earth  from  the*  sun,  and  its  comparatively  small  aize, 
it  can  receive  only  'the  minutest  portion  of  the  heat  which  the  sun 
radiates  in  all  directions. 

2.  Electricity. — ^The  subject  of  heat  due  to  electridtywill 
be  treated  of  under  the  head  of  Electricity. 

3.  Chemical  combination  and  combustion. — Chemical 
combinations  are  generally  accompanied  by  a  disengagement 
of  heat.    When  they  take  place  slowly,  the  heat  is  inappre- 

Beseribe  it    Wtuxt  are  the  vtioeiHM  of  mvm  oflhs  winds?   (385.)  What  are 
the  principal  Bonroes  of  heat?    What  is  the  most  abundant  sooroe  T    What  U  <^ 
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dable,  but  wben  they  take  place  rapidly,  there  iA  oAei 
produced  an  intense  heat,  and  aometimee  a  development  of 
light. 

Combustion  is  one  form  of  chemical  combination.  The  forms  of 
eorobustion  exhibited  in  our  fire-places  and  our  lamps,  is  a  combios' 
tion  of  the  carbon  and  hydrogen  of  the  wood  and  oil  with  the  oxygei 
of  the  air.  The  products  of  such  forms  of  combustion  are  witeiT 
vapor,  carbonic  acid,  with  gases  and  volatile  products  that  appear 
under  the  form  of  smoke.  Combustion  is  a  decomposition  of  certtia 
substances,  accompanied  by  a  composition  of  new  products.  In  thii 
change,  no  element  is  lost,  simply  a  change  of  form  tak^s  place. 

The  flame  produced  in  combustion,  is  a  mixture  of  gaseous  and 
volatile  matters,  heated  red  hot  by  the  heat  disengaged  in  the  proeni 
of  combustion. 

The  process  of  respiration  is  a  species  of  slow  oombnstidn,  in  whidi 
the  carbon  and  other  matter  of  the  blood  unites  with  the  oxygen  oC 
the  air.  This  species  of  combustion  gives  rise  to  the  heat  of  the 
body  of  men  and  animals.     This  heat  is  called  animal  heat. 

Fermentation  is  a  chemical  process  that  gives  rise  to  heat. 

• 

4.  Pressure  and  percussion. — ^Whenever  a  body  is  com- 
pressed 80  as  to  reduce  its  volume,  heat  is  developed.  The 
greater  the  compression,  the  greater  the  amount  of  heat 
developed.  If  gas  be  suddenly  and  violently  compressed, 
thp  heat  generated  is  sufficient -to  set  fire  to  inflammable 
bodies.  This  subject  was  referred  to  in  the  article  on  C!om- 
pressibility,  in  which  the  instrument  used  for  inflamiog 
tinder  is  figured.     (See  Fig.  4.) 

"Bercussion  is  a  source  of  heat.  Ka  body,  like  a  piece  of 
metal,  for  example,  be  hammered,  it  soon  becomes  hot.  It 
is  percussion  that  causes  the  heat  when  a  flint  is  struck 
against  a  piece  of  steel.  In  this  case  there  is  a  piece  of  the 
steel  detached  and  rendered  red  hot  by  the  collision. 

Kr^ptMn  the  phennrMna  qfcombuHion,  What  U flame  t  What  U  rsapirtrttim  t 
What  kind  of  heat  comee  from  reepiratf on  t  What  U  ftrmentatian  t  Espbli 
eompreasion  aa  &  souroe  of  lieat,  lUostnte.  Explain  peicoasion  as  a  eanao  of 
haaL 
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'  5.  JWcrtdn,— Friction  is  the  resistance  which  one  body- 
offers  to  another  when  tbey  are  rubbed  together.  This 
resistance  is  accompanied  with  a  great  development  of  heat. 
In  many  cases,  the  friction  igf  so  great  that  the  rubbing 
bodies  are  set  on  fire.  In  this  way  many  savage  tribes  pro- 
cure fire.  Pieces  of  ice  when  rubbed  together,  generate 
heat  enough  to  melt  them.  In  machinery,  the  friction  on 
axles  often  sets  them  on  fire,  especially  when  lubrication  has 
been  neglected. 

Sonroes  of  Gold. 

256.  The  principal  sources  of  cold  are :  fusion^  vaporiz- 
ution^  expansion  of  gasea^  and  radiation  of  heat. 

1.  Fusion, — When  a  body  melts,  it  absorbs  heat  from 
the  surrounding  bodies,  which  becomes  latent  in  the  melted 
body. 

2.  VdporizcEtion, — ^When  a  liquid  passes  to  a  state  of 
vapor,  it  absorbs  heat,  which  becomes  latent  in  the  vapor. 
Both  of  these  causes  of  cold  have  been  considered  already. 

3.  £h^nsion  of  gases. — ^When  a  gas  is  compressed,  it 
gires  out  heat,  and  conversely,  when  it  expands  it  absorbs 
heat.  This  heat,  it  is,  that  acts  to  keep  the  particles  asunder, 
and  the  further  apart  the  particles  are  kept,  the  greater  the 
amount  of  heat  required. 

H«at  is  the  repulsive  force  that  keeps  a  body  in  a  gaseous  state  at 
all,  or  even  in  a  liquid  state. 

If  air  be  compressed  in  a  condenser  and  then  allowed  to  escape 
into  the  atmosphere,  a  slight  cloud  will  be  formed  ;  this  is  due  to  the 
cold  generated  by  the  expanding  air,  which  condenses  the  vapor  in  the 
air.  This  experiment  illustrates  the  manner  in  Which  clouds  are 
formed  in  the  upper  regions  of  the  atmosphere. 


Explain  fHctlon  as  a  source  of  heat    (256.)  What  are  the  principal  sonroes  of 
eold ?    Explain  ftislon  as  a  source  of  cold?    Yaporization.    Expansion  of  gases. 
plain  ike  formaUon  qf  a  cloud  when  compreeeed  air  eoipanoU. 
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4.  Badiation. — ^Radiation  produces  cold,  becaiuie  radia- 
tion is  nothing  else  than  giving  off  heat. 

Tbe  earth,  and  all  bodies  on  its  snrfaoe,  are  continnally  radiatinf 
heat.  This  is  compensated  during  the  day  by  the  heat  received 
from  the  son;  in  fact,  the  amount  received  is  greater  than  that 
given  off.  But  at  night  the  reverse  holds  true,  and  a  greater  amount 
is  radiated  than  is  received.  This  cooling  of  the  earth's  surface  is, 
as  has  been  stated,  the  cause  of  dew  and  frost. 

It  is  often  said  that  it  freezes  harder  when  the  moon  shines  than 
when  it  is  concealed  by  clouds.  This  is  the  case,  but  the  moon  has 
nothing  to  do  with  the  freezing.  The  true  explanation  of  the  phe- 
nomenon is  this :  When  the  moon  shines,  it  is  generally  cloudless, 
and  the  radiation  goes  on  more  rapidly,  and  of  course  a  greater  degree 
of  cold  is  produced.  On  the  contrary,  when  the  moon  is  obscured,  it 
is  generally  cloudy;  now  the  clouds  are  good  radiators  of  heat,  and 
the  heat  that  they  send  back  to  the  earth  is  nearly  or  quite  enou^ 
to  compensate  for  that  radiated  from  the  earth ;  hence  the  proeess 
of  freezing  is  either  retarded  or  entirely  prevented. 

Plants  are  good  radiators,  hence  they  are  more  likely  to  be  affected 
by  frost  than  other  objects.  To  protect  them  from  frost,  we  cover 
them  with  mats,  which  prevent  radiation,  or  rather  radiate  back  the 
heat  that  the  plants  throw  off. 

Explain  radiation  as  a  cauM  of  cold.  IlluHraU.  What  tfftet  Aa«  fh^  tmum  m 
frutAng  t  Why  is  it  oolcUr  token  the  moon  shinsa  than  token  doudfff  Wkg  ar$ 
pUuUeUki^  to  he  ejected  hyfrotit  Hoto  are  they  protected  t 
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CHAPTER  VL 

OPTICS. 
X«  — GENERAL       PRIVOIPLEf. 

Definition  of  Optici. 

9S7.  Opncs  is  that  branch  of  Physics  which  treats  of 
the  phenomena  of  light. 

Definition  of  Light. 

258.  Light  is  that  physical  agent  which,  acting  upon 
the  eye,  produces  the  sensation  of  sight. 

Two  Theories  of  JUght. 

259.  Two  theories  have  been  advanced  to  account  for 
the  phenomena  of  light :    the  Emission  TJkeory^  and  the 

Wave  Theory, 

According  to  the  emission  theory^  light  consists  of  in- 
finitely small  particles  of  matter,  shot  forth  from  luminous 
bodies  with  immense  velocity,  which,  falling  upon  the  retina 
of  the  eye,  produce  the  sensation  of  sight.  This  is  the 
theory  of  Newton  and  Laplace. 

According  to  the  wave  theory^  light  consists  of  waves^ 
or  vibrations,  transmitted  through  an  impalpable  medium 

(357)  Wbat  is  Opttos?    (358)  Wliat  is  Light?    (359.)  What  two  UiMiict 
of  light  hi^  bMn  adTsiifiad?     Si^lain  the  endMloa  theorj.    Sxpkda  the  ware 
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of  almost  perfect  elasticity,  called  eJther.  This  medium 
pervades  all  space,  and  penetrating  all  bodies,  exists  in  the 
interspaces  between  tbeir  molecules.  Luminous  bodies  im- 
part a  motion  of  vibration  to  this  ether,  which  is  transmitted 
through  it  in  the  same  way  that  sound  is  transmitted 
through  the  atmosphere,  and  reaching  the  eye,  it  produces 
the  sensation  of  sight,  just  as  sound  filing  upon  the  ear 
produces  the  sensation  of  hearing.  This  is  the  theory  of 
HuTGHExs,  Fbesnel,  Yotjng,  Malits,  and  many  others,  and 
is  the  one  now  adopted  by  almost  all  physicists. 

The  .vibrations,  or  waves,  which  constitute  light,  are  far  more 
rapid  and  much  shorter  than  those  which  constitute  sound,  bnt  the 
analogy  between  the  two  is  extremely  close.  In  both  the  intensity 
depends  upon  the  excursions  of  the  molecules.  In  sound,  the  pKch 
depends  upon  the  frequency  of  the  waves,  >^i1st  in  light,  colon 
depend  upon  the  same  condition,  red  corresponding  to  grave,  and 
violet  to  acute  sounds.    This  will  be  further  considered  hereafter. 

Sources  of  Light* 

260.  Bodies  which  emit  or  give  out  light,  are  called 
luminous  bodies.  The  different  sources  of  light  are  the  sun^ 
the  stars^  heat^  chemical  comhinationSy  phosphorescence^ 
and  electricity^  if  indeed  the  latter  are  not  modifications 
of  a  common  principle. 

We  know  nothing  of  the  cause  of  the  light  emitted  by  the  sun 
and  the  stars.  We  do  know,  however,  that  bodies  when  heated 
become  luminous,  and  their  luminosity  becomes  greater  as  their 
temperature  is  raised.  Thus,  coal  when  heated  becomes  luminous 
cmiting  a  glow ;  the  same  is  the  case  with  the  metals. 

Artiileial  light,  like  that  of  candles,  lamps,  gas  lights,  &c.,  is  dne 
to  the  combustion  of  substances  containing  carbon  and  hydrogen. 


ITow  do  light  vibrations  compare  with  sound  'vibrations  t    What  ancHogitM  eadd 

between  light  and  sound  t    ( 260.)  What  are  Inminous  bodies?    What  are  aomo  of 

the  sources  of  light?    What  do  we  know  o/the  causes  of  natural  Ughtf   C^artUMal 
lightr  .  -w       ^ 
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which,  combining  with  the  oxygen  of  the  air,  produce  a  degree  of 
heat  so  great  that  the  burning  bodies  become  luminous. 

Phosphorescence  is  a  pale  light,  given  out  by  certain 
snhstances  in  darkness,  without  any  manifestation  of  heat. 
Phosphorescence  is  observed  in  animal  and  vegetable  sub- 
stances, and  in  sonie  minerals.  Certain  insects  also  have 
the  power  of  emitting  a  phosphorescent  light ;  thus  the  sur- 
fkce  of  the  ocean  in  many  parts  of  the  world  is  covered  with 
l^n  infinity  of  small  animals,  which  become  phosphorescent 
during  the  night,  especially  when  disturbed.  Certain  min- 
erals become  phosphorescent  when  exposed  for  a  long  time 
to  the  solar  rays,  such  as  the  diamond,  white  marble,  fluor 
spar,  &c. 

The  cause  of  phosphorescence  is  not  known,  but  in  many  cases  it 
appears  to  be  the  result  of  electrical  excitement. 

Electricity,  as  we  shall  see  hereafter,  is  s^  source  of  light 
so  intense,  that  it  may  be  compared  with  the  brilliancy  of* 
the  sun. 

Media. — Opaque  and  Transparent  Bodies. 

861.  A  Medium  is  anything  that  transmits  light ;  thus, 
free  space,  air,  water,  and  glass,  are  media. 

Media  owe  their  property  of  transmitting  light  to  the  ether  which 
pervades  them.  '  This  ether  exists  in  the  spaces  between  the  par* 
tides  of  all  bodies,  but  not  always  in  such  a  state  as  to  permit  ihh 
transmission  of  light. 

A  Transparent  Body  is  one  which  permits  light  to  pass 
through  it  freely,  as  glass,  diamonds,  rock-crystal,  an(J 
water. 

When  bodies  permit  light  to  pass  through  them,  but  not 
in  such  quantity  as  to  allow  objects  to  be  seen  through  them, 

Wliat  is  Phosphorescence?  niostrate.  What  is  Ua  cause  f  (361.)  What  is  a 
Medium?  Examples.  2b  what  is  the  transmission  ofUgM  through  a  medium 
dust    What  is  a  Transparent  Body? 
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they  are  called  translucent    Thas,  scraped  horn,  ground 
glass,  oiled  paper,  and  thin  porcelain  are  translucent. 

An  Opaque  Body  is  one  that  does  not  permit  light  to 
pass  through  it.    Thus,  iron»  wood,  and  granite  are  opaque 

AbBorption  of  lAgbL 

969*  No  body  is  perfectly  transparent ;  all  intercept  or 
absorb  more  or  less  light,  but  some  absorb  much  more  than 
others.  If  light  is  transmitted  through  great  thicknesses  of 
media  which  in  thin  layers  are  transparent,  a  quantity  of 
light  is  absorbed,  and  it  often  happens  that  the  transmitted 
light  is  not  of  sufficient  intensity  to  produce  the  sensation 
of  sight. 

The  atmosphere  seems  perfectly  transparent,  but  it  is  a  knowii 
fact  that  much  of  the  light  of  the  sun  is  absorbed  in  reaching  the 
earth,  as  is  shown  by  the  greater  brilliancy  of  the  stars  in  the  higher 
regions,  as  on  mountain  tops.  In  the  high  regions  of  the  atrnosphere, 
objects  are  more  clearly  seen  than  nearer  the  earth ;  indeed  so  great 
is  the  clearness  of  vision  in  these  regions,  that  it  becomes  exceedingly 
difficult  to  judge  of  distances.  Opaque  bodies  absorb  all  of  the  light 
falling  upon  them  which  is  not  reflected. 

The  physical  cause  of  absorption  of  light  by  bodies  is  some 
peculiarity  of  molecular  constitution,  which  breaks  up  and 
neutralizes  the  waves  of  light  that  enter  them. 

Ra3r8  of  Iiight.—Penci]s.~  Beams. 

963.  A  Rat  of  Light  is  a  line  along  which  light  is 
propagated. 

According  to  the  wave-theory^  a  ray  is  always  perpendio* 
nlar  to  the  sur&ce  of  an  advancing  wave. 

When  the  ether  is  uniformly  distributed  throughout  a  medium, 

▲  Truidaeent  Body?  AnOpaqaeBody?  (262.)  Explain  tlie  phenomenoB  of 
abaorptioD.  J^j^Ksf  qf  aimo9ph4rio  a^torpHon  t  PhyBlcal  canaa  of  abioiptloa  f 
<263.)  What  ia  a  ray  of  U«;ht? 
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the  waves  of  light  are  concentric  spheres,  and  the  rays  of  light  are 
straight  lines,  because  a  perpendicular  to  one  wave  front  will  be 
perpendicular  to  all  of  the  successive  stages  of  that  front.  Media,  in 
which  the  ether  is  uniformly  distributed,  are,  with  respect  to  light, 
called  homogeneous.     All  other  media  are  called  heterogeneous. 

When  the  waves  of  light  are  not  concentric  spheres,  the  rays  of 
light  are  curved.  Such,  for  example,  are  the  rays  of  light  trans- 
mitted through  the  atmosphere. 

A  Pencil  of  Rays  is  a  small  group  of-  rays  meeting  in 
a  common  pomt,  such  as  the  rays  proceeding  from  a  candle 
or  a  lamp. 

When  the  rays  proceed  from  a  common  point,  they  are 
are  said  to  be  divergent.  When  they  proceed  towards  a 
common  point,  they  are  said  to  be  convergent. 

A  Beam  op  Rays  is  a  small  group  of  parallel  rays,  such 
as  enter  a  small  hole  in  a  shutter,  from  a  distant  body^  as 
the  sun 

Velooity  of^Idght. 

964*  It  was  shown  by  Rcemeb,  a  Danish  astronomer, 
in  1678,  that  light  occupies  nearly  8^  minutes  in  coming 
from  the  sun  to  the  earth,  which  gives  a  velocity  of  192,000 
miles  per  second. 

He  ascertained  the  velocity  of  light  by  a  succession  of 
observations  on  the  eclipses  of  Jupiter's  first  satellite.  In 
Fig.  155,  S  represents  the  sun,  T,  the  earth,  J^  Jupiter,  and 
€,  Jupiter's  first  satellite.  The  darkened  portion  of  the 
figure  beyond  Jupiter  represents  th#  ahadow  of  that  planet 
cast  by  the  sun.  It  is  kno^vn  by  computation,  that  Jupiter's 
first  satellite  revolves  about  that  planet  once  in  42  hours,  • 
28  minutes,  and  36  seconds,  and  by  entering  the  shadow  of 
Jupiter,  is  eclipsed  at  each  revolution. 

What  is  the  direction  of  a  rap  in  a  hoinog»neou8  medium  t  What  ie  a  homage' 
neoue  m^ium  t  A  heterogeneous  medium  T  Direction  of  a  ray  in  atich  a  medi» 
wnt  What  is  a  Pencil  of  Bays?  Example.  Convergent?  Divergent?  What  is 
»  BMm  of  Says?  Examplt.  (964.)  What  ia  tbe  yeloeitx  of  light?  Bj  whoA 
4«tWBlBadT  ^   ,\ 

1 
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RcKHBB  found  that  &s  the  earth  moved  from  T,  its  nearot 
portion  to  Jupiter,  towards  t,  its  most  remote  positioD, 
the  interval  between  the  conaeoative  eolipsea  of  the  mtet 
Ute  gradually  grew  longer,  whilst  in  moving  from  t  tndi 
agiun  to  T,  these  intervals  grew  shorter.  The  total  retard* 
tion  in  pasdng  from  7*  to  ^  was  fonnd  to  be  nearlj'  16\ 
minutes,  and  the  total  acceleration  in  the  remaining  ha!f  of 
the  earth's  revolntion  was  also  fonnd  to  be  lA^  minnM 
This  was  accounted  for  by  the  &ct  that  the  earth  was  mor- 
ing  away  from  Jupiter  in  the  first  case,  and  therefbre  tht 


light  had  to  travel  further  and  further  at  each  ecUpse  b) 
reach  the  observer,  whilst  in  the  second  case,  the  reverse 
happened. 

R<EMEE  therefore  inferred  that  it  required  16^  minutes  for 
a  ray  of  light  to  traverse  the  diameter  of  the  earth's  orbit, 
or  fi^  minntea  for  it  to  pass  over  the  radius  of  that  orbit, 
that  is,  over  a  distance  equal  to  that  of  the  earth  from  the 
sun. 

Rcemer's  deduction  has  been  confirmed  by  observations 
made  on  the  aberration  of  light,  and  also  by  direct  eipe 
ment. 

EipUIn  the  proeew  of  Baim't  ilmoTttf.    HU  IfdorttoB.     &■  U  bMS  Mf 
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It  is  difficult  to  conceive  a  velocity  so  great  as  192,000  miles  per 
second,  a  speed  that  would  carry  a  ray  of  light  around  the  earth 
eight  times  in  a  single  second  of  time.  Some  idea,  however,  may  bo 
had  of  the  velocity  of  light,  from  the  fact  that  it  would  require  more 
than  two  and  a  half  centuries  for  one  of  our  most  rapid  express 
trains  of  cars  to  run  a  distance  over  which  li^ht  passes  in  8i  minutes. 

It  takes  light  more  than  four  hours  to  raach  us  from  Neptune,  the 
most  distant  of  the  planets  of  our  system,  and  it  is  capable  of  proof 
that  light  occupies  more  than  three  years  in  coming  to  us  from  the 
nearest  of  the  fixed  stars.  Now,  if  astronomers  are  right  in  the 
inference  that  the  remotest  stars  visible  in  our  telescopes  are  more 
than  a  thousand  times  as  distant  as  the  nearest  ones,  then  indeed 
mast  the  light  that  makes  us  aware  of  their  cxi^jtence,  have  set  out 
oil  its  journey  long  centuries  before  the  beginning  of  the  Christian 
^ftL  These  conclusions  serve  to  show  the  Vastncss  of  the  material 
ipilraBe)  and  the  comparative  littleness  of  our  own  planet 

•  * 

Intensity  of  Light.  —  Photometry,     r. . 

* 

.  '1M5.  The  Intensity  op  Light  is  the  amount  of  disturb- 
ance which  it  imparts  to  the  ether.  It  can  be  shown 
mathematically,  for  light  coming  from  the  same  sources, 
that  the  intensity  varies  inversely  as  the  square  of  the  dis- 
tance from  its  source. 

Hence  we  see  that  light  follows  the  same  law,  with  regard 
to  its  intensity,  that  is  observed  for  gravity  and  sound.  The 
law  of  variation  of  intensity  can  be  verified,  experimentally, 
by  nieans  of  an  instrument  called  a  photometer, 

A  Photometer  is  an  instrument  for  comparing  the  inten- 
sities of  different  lights. 

Several  different  instruments  have  been  devised  for  this 
purpose,  one  of  the  simplest  being  that  shown  in  Fig.  156. 

It  consists  of  a  vertical  screen  of  ground  glass,  A^  and  a 
vertical  solid  rod,  j5,  situated  a  short  distance  in  front  of  it. 


CH/06  some  illustrations  of  th6  immense  'velocity  of  light.  ( 265.)  Whet  Is  tl-e 
Intensity  of  Light?  How  does  it  vary  with  the  distance?  What  is  a  rhotometec* 
Explain  the  oae  shown  in  Fi;.  15& 

12 


If  two  equal  lights  are  plactd  at  equal  distances  from  S,  it 
is  found  that  the  Bhadows  which  £  casts  upon  A,  are  of  the 
same  tint.    If  one  light  be  placed  at  any  distance,  and  four 


equal  lights  be  placed  at  twice  the  distance,  the  shadows 
will  be  of  the  same  tint ;  this  is  the  case  shown  in  the  fignre. 
It  will  require  nine  equal  lights  at  three  times  the  distance, 
eisteen  at  four  times  the  distance,  and  so  on,  to  produce  the 
same  effect.  This  experiment  confirms  the  law  of  variation 
of  inteudty  according  to  the  inverse  square  of  the  dis- 
tance. 

To  use  the  photometer  to  compare  the  intensities  of  any 
two  lights,  let  them  be  placod,  by  trial,  at  such  distances 
from  S,  that  the  shadows  cast  on  A  arc  of  exactly  the  same 
tint ;  then  will  their  intensities  be  to  each  other  inversely  as 
the  squares  of  their  distances  from  the  rod,  B. 

Uow  Is  Ihe  pholoniBtit  oiedl 
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II.  —  REFLECTION      OF      LIGHT.  —  MIRRORS. 

Reflection  of  Light. 

266.  When  a  ray  of  light  falls  iij^on  a  smooth  surface 
which  is  oblique  to  its  course,  the  ray  is  bent  from  its 
primitive  direction,  and  continues  its  course  in  the  original 
medium.  This  bending  of  a  ray  is  called  reflection^  and  the 
8ai*face  which  causes  it  is  called  a  r^cting  surface^  or  a 
rector. 

When  light  falls  upon  a  surface,  one  portion  will,  in  general,  be 
imgularly  reflected,  a  second  portion  will  be  regularly  reflected 
•recording  to  fixed  laws,  and  a  third  portion  will  enter  the  body  and 
be  tr&Dsraitted  or  absorbed.  The  portion  which  is  reflected  depends 
upon  the  polish  of  the  surface  and  the  obliquity  of  the  light. 

That  portion  which  is  irregularly  reflected,  is  difl'used  in  all  di- 
reetionfl,  and  plays  a  prominent  part  in  the  phenomena  of  vision.  It 
is  by  means  of  this  difl*uscd  light  that  we  are  enabled  to  see  non- 
luminous  bodies ;  it  is  also  in  consequence  of  this  difl'used  portion 
thai  bodies  appear  to  have  color.  Bodies  of  all  colors,  black  as  well 
as  white,  are  all  invisible  in  a  dark  room,  and  it  is  only  when  light 
falls  upon  them  and  is  irregularly  reflected,  that  they  become  visible 
and  appear  to  have  color. 

It  is  the  difiused  light  reflected  by  the  clouds,  the  air,  the  earth, 
and  objects  upon  it,  that  illuminates  our  rooms  and  renders  objects 
visible  which  do  not  receive  the  direct  rays  of  the  sun. 

If  we  look  out  from  our  houses  we  see  objects  clearly  by  means  of 
this  diff*use  light,  because  they  receive  much  light,  and  therefore 
reflect  much ;  but  if  we  look  from  without  into  a  house,  we  see 
objects  with  less  distinctness,  because  they  receive  but  little  light, 
and  therefore  they  reflect  but  little. 

It  is  now  proposed  to  explain  the  laws  of  regular  reflection. 


( 266  )  What  Is  refloctlon  of  light  ?  What  is  a  Teflector  ?  When  light  falU  upon 
a  surface^  into  how  many  parU  is  it  divided?  Explain  the  action  of  each  part. 
On  what  does  the  reflected  portion  depend  ?  By  which  do  we  see  hodiee  t  lUtm' 
trate.    Give  examples. 
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Definitions  of  Tcrha. 


96T.    The  ray  that  Cilia  upon  a  reflecting  Bur&ce  is  called 
tAe  incideiU  raj/;  thus,  V-D,  Fig.  157,  is  an  inadent  ray. 


The  point  where  the  incident  ray  meets  the  reflecting 
surface,  is  called  t/te  point  o/"  incidence  ;  thus,  ^  is  a  point 
of  incidence. 

The  angle  which  the  incident  ray  makes  with  the  normal 
to  the  reflecting  surface  at  the  point  of  incidence,  is  called 
the  angle _of  incidence;  thus,  CDA  is  an  angle  of  in- 
cidence. 


r   EiuDple.   '. 


s  poliit  of  iDoidraee  T    Eiunpl«> 
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The  plane  which  passes  through  the  incident  ray  and  the 
normal  is  called  tJie  plane  of  incidence ;  thus,  the  plane 
through  CD  and  DA^  is  a  plane  of  incidence. 

The  ray  driven  off  from  the  reflecting' surface  is  called 
the  rpflected  ray  ;  thus,  DB  is  a  reflected  ray. 

The  angle  which  the  reflected  ray  makes  Avith  the  normal 
is  called  the  angle  of  refection  ;  thus,  BDA  is  an  angle  of 
reflection. 

The  plane  of  the  reflected  ray  and  the  normal  is  called 
the  plaiie  of  reflection  /  thus,  the  plane  oi  BD  and  DA  is  a 
plane  of  reflection. 

Laws,  of  Reflection. 

26§«  The  following  laws  are  shown  by  theory,  and  con- 
firmed by  experunent : 

1.  The  planes  of  incidence  and  reflection  coincide  ;  both 
are  normal  to  the  reflecting  surface  at  the  point  of  incidence. 

2.  The  angles  of  incidence  and  reflection  are  equal ;  this 
is  true  whatever  may  be  the  angle  of  incidence. 

Direction  in  which  Directs  are  seen. 

j269«  Whenever  the  rays  of  light  proceed  directly  from 
an  object  to  the  eye,  we  see  the  body  exactly  where  it  is. 
When  by  reflection,  or  any  other  cause,  the  rays  are  bent 
from  their  primitive  direction,  we  no  longer  see  bodies  in 
their  proper  position.  Tliey  appear  to  .be  in  the  direction 
from  which  the  ray  enters  the  eye. 

This  is  illustrated  in  Fig.  158.  A^  represents  a  body 
from  which  a  ray  of  light,  proceeding  in  the  direction  AB^ 
is  deviated  or  bent  at  i?,  so  as  to  assume  the  new  direction, 
JBC,     The  eye  receives  the  ray  from  the  direction  BO^ 

The  plane  of  incidence?    Example.    The  reflected  ray  ?    Example.    The  angle  of 
reflection?    Example.     The  plane  of  reflection?    Example.     ( 268.)  What  i»  ♦^ 
first  la^  of  reflection?    What  is  the  second  law  of  reflection?     (269.)  In  " 
direction  do  objects  appear  to  the  cje  ?    Illustrate. 
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and  in  consequence  the  object,  A^  appears  to  be  sitaated  at 


Fig.  15S. 

some  point,  a.    This  principle  is  of  importance  in  explaining 
ccitaiu  phenomena  produced  by  reflectors  and  lenses. 

MixroxB. 

270.  A  MiBROB  is  a  body  with  a  polished  surfiuse,  em- 
ployed to  form  images  of  objects  presented  to  it. 

The  best  reflecting  surfaces  are  those  of  polished  metals. 
Our  ordinary  looking-glasses  are  composed  of  plates  of 
smooth  glass,  upon  the  back  of  which  is  fiistened  a  thin  layer 
of  tin  and  quicksilver. 

This  mixture,  called  an  amalgam,  offers  an  excellent  re- 
flecting surface,  and  it  is  from  it  that  the  principal  reflection 
takes  place.  The  glass  serves  to  give  the  -proper  smooth- 
ness to  the  amalgam,  as  well  as  to  protect  it  from  injury 
and  taniish.  There  is,  however,  a  reflection  from  the  outer 
surface  of  the  glass,  giving  rise  to  feeble  images,  which 
renders  such  reflectors  objectionable  for  optical  purposes. 
Hence  it  is,  that  reflectors  for  telescopes,  and  the  like,  are 
generally  made  of  alloys,  or  mixtures  of  hard  metals,  which 
admit  of  a  high  polish.     Such  a  mirror  is  called  ^  apectdum, 

llirrors  are  of  two  kinds,  pla^ie  and  curved. 


Plane  Mizronu 

271.    A  Plaxe  Mirror  is  one  in  which  the  reflecting 

surface  is  plane. 

(270.)  What  is  a  Mirror?     What  are  the  best  reflectiDg  Burfkoesf    What  art 
^•Joklng-glasses?     Explain  their  constrnctlon  ?    What  is  a  Bpeoalamf    How  manj 
Ida  of  mirrors  are  there  ?    What  ate  they  ^    (,ai\.>  "^\msA.\*  «.  Plana  Ulnror? 
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We  have  an  example  of  plaae  min'ors  in  the  ordinary 

looking-glasaes  of  our  houses.  The  surface  of  still  water> 
which  reflects  suri'ouuding  objects,  also  the  surface  of  quick- 
eiiver,  when  at  rest,  arc  additional  examples.  Tlie  latter  is 
often  used  with  the  sextaat  in  measuring  the  altitudes  of 
the  stars;  it  is  also  used  in  adjusting  astronomical  instm- 
ments. 

Imagea  fonued  by  Plane  ReHectora. 
379.    An  Image  of  an  object  is  a  picture  or  representa- 
tion of  that  object,  formed  by  a  reflector,  or  by  a  lens. 


The  manner  of  forming  images  by  plane  reflectors  is 
illustrated  in  Fig.  159.    A  pencil  of  rays  coming  from  a 


at  an  objecl  t    Eiplaln  the  m 
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candle,  is  reflected  so  aa  to  reach  the  eye.  Because  ^ne 
angles  of  incidence  itnd  reflection  are  equal  (Art.  268),  each 
-  ray  will  have  the  same  inclination  to  the  mirror  after  reflec- 
tion that  it  had  before  incidence.  Hence  the  reflected  rays, 
on  bemg  produced  back,  will  meet  at  a  point  aa  far  behind 
the  reflector  as  the  point  of  the  candle  Is  in  front  of  it.  Now, 
because  the  eye  sees  objects  in  the  direction  from  nbich 
the  rays  come  to  it  (Art,  269),  the  point  appears  to  be  as 
fer  behind  the  mirror  as  it  really  is  iu  front  of  it.  The 
representation  of  the  point,  seen  in  the  glass,  ia  its  image. 

What  has  beon  8.aid  of  a  single  point  is  true  of  all  pointa 
Hence,  if  ive  suppose  pencils  of  i-ays  to  proceed  from  every 
point  of  au  object,  as  shoivQ  in  Fig.  160,  each  point  will 


«r  of  fOrmlDB  the  Imiig*  of  u 
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have  its  own  image  as  far  behind  the  mirror  as  the  point  is 
in  front  of  it.  The  assemblage  of  these  images  of  points 
makes  up  the  image  of  the  object. 

Nature  of  the  Images  formed. 

273.  It  win  be  seen  from  an  inspection  of  Fig.  160,  that 
the  image  of  the  child's  right  hand  is  on  the  left  of  the 
ima^  in  the  glass,  and  that  the  image  of  the  child's  left  foot 
is  on  the  right  of  the  image  in  the  glass,  that  is,  the  image 
is  reversed  laterally.  This  comes  from  the  fact,  that  the 
image  of  each  point  is  as  far  behind  the  mirror  as  the  point 
is  in  front.  Hence  we  say,  that  the  object  and  the  image 
are  symmetrically  sittiated  with  respect  to  t/ie  mirror. 

We  see  also  from  what  has  been  said,  that  t/ie  image  is 
erect^  and  equal  hi  size  with  the  object. 

The  rays  that  reach  the  eye  appear  to  come  from  an 
image  which  does  not  in  reality  exist;  The  image  is  only 
apparent.    Such  images  are  called  virtual, 

A  Virtual  Image  is  an  image  which  appears  to  exist, 
and  which  would  be  found  by  producing  the  deviated  pencils 
of  rays  backwards,  till  they  meet  in  points. 

Multiple  Images  from  Iiooklng-glasses. 

274*  Metallic  mirrors,  or  specula,  as  they  are  called,  having  but 
one  reflecting  surface,  form  but  a  single  image.  Glass  mirrors  have 
two  reflecting  surfaces,  the  front  surface  of  the  glass,  and  the  me- 
tallic surface  at  the  back  of  the  glass.  An  image  is  formed  by  each 
of  these  surfaces,  but  that  formed  by  the  latter  is  the  more  striking, 
because  the  first  surface  reflects  only  a  small  portion  of  the  light. 

This  formation  of  two  images  by  glass  mirrors  renders  them  unfit 
for  many  optical  purposes.  The  double  image,  formed  by  placing  a 
point  against  the  glass,  enables  us  to  judge  of  the  thickness  of  the 
glass. 

(273.)  How  are  the  object  and  its  image  by  a  plane  reflector  sitaated?  Is  the 
Image  real  or  apparent  ?  Why  ?  What  Is  a  Virtual  Image?  (  274.)  Tf%  do  glow 
mirrors  form  two  images  f  What  is  the  objection  to  this  duplication  f  Sow  do  fo# 
judge  qfthe  thickness  of  glass  ? 

12* 
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R«fl»oUoa  hy  Trau^arent  Bodies. 

BT5.  Wb  have  juit  ecen  that  gin?*,  notwilhstanding  its  trans- 
parency, rellectB  tij^lit  eoouah  to  form  en  image.  The  Fam«  is  llio 
cBi«  With  other   trail* [>are lit  boilies,  of  which  water  forms  a  coa- 

■picDoaa  example. 


Fig.  161  represonta  ths  phenomtmon  of  reflection  from  the  Eurfaee 
of  still  water.  It  showa  how  the  reflected  rayo  prodneo  images  of 
objects  above  tho  water,  which  are  BymmetricaUy  disposed  with 
respect  to  the  eurfaee  of  the  water.  The  case  is  entirely  the  nm« 
U  though  the  images  had  been  fonned  by  a  horizontal  looking-glass. 

Curved  HliiTOin). 

aT«.  A  CcEEVED  Mteeok  is  one  in  which  the  reflecting 
surface  ia  cur\-e<l.  The  most  important  class  of  curved 
mirrors,  is  that  in  which  the  reflecting  surfecc  is  a  portion 

rrJIcctllBhtl    Erplaiaatr^flictien/romwiUr. 
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of  a  sphere,  "When  the  reflection  takes  place  from  the 
hollow  or  concave  side,  the  mirror  is  called  concave  ;  when 
the  reflection  takea  place'  from  the  outer  or  convex  side,  the 
mii-ror  is  called  convex. 

Ooncave  Miirora. 

ST*.  A  Concave  Mirrok  is  one  in  which  the  reflection 
takes  place  from  the  concave  aide  of  a  curved  suriace. 

Wo  shall  consider  the  case  in  which  the  reflecting  surfece 
ia  a  portioii  of  the  surface  of  a  sphere  cut  off  by  a  plane. 

The  following  definitions  apply  equally  to  concave  and 
conf  ex  mirrors : 

The  middle  point  of  the  mirror  is  called  its  vertex.  The 
centre  of  the  sphere,  of  which  the  mirror  forms  a  part,  is 
ctdled  the  optical  centre.  The  indefinite  straight  line 
through  the  optical  centre  and  the  vei-tex,  is  called  the 
principal  axis,  or  sometimes  simply  the  axis.  Any  plane 
section  through  the  axis  is  called  a  principal  section. 

Thus,  MN,  Fig.  162,  represents  a  principal  section  of  a 
eoncave  mirror,  -4  is  its  vertex,  C  its  optical  centre,  and 
AX  is  its  principal  axis. 


Tt  is  to  be  observed,  that  in  practice  the  surTsce  of  t  curved  mirror 
is  only  a  very  small  part  of  the  surface  of  the  sphere  of  which  it 
forms  a  part. 


Frinoipal  Fooob  of  a  OonoaTa  Mliira:. 

97S.  A  Focus  is  a  point  in  which  deviated  raya  meet. 
If  the  incident  raya  are  paraUel  to  the  axis,  the  focus  ia  call- 
ed the  JMncipcU  I^cus. 

In  Fig.  162,  ^Jand  si,  are  two  rays  parallel  to  the  axis. 
CTand  Oi  are  norraala  at  the  points  of  incidence,  /and  i. 
IF  and  iF  are  reflected  rays,  making  the  angles  of  reflec- 
tion equal  to  the  angles  of  incidence.  When  the  mirror  is 
small,  compared  with  the  whole  sphere,  all  other  rays  parallel 
to  the  axis  are  reflected  to  the  same  point,  F.  Hence,  from 
the  definition,  F  is  the  principal  focus.  It  can  be  shown 
that  the  principal  focus  is  on  the  axis,  and  midway  between 
the  vertex  and  optical  centre.  Wc  gball  always  designate 
the  pi-incipal  focus  by  the  letter  F. 


Tilt  Principal  Focnil    BluUnU. 
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Fig.  163  shows  the  m&iiner  of  determining  the  principal  focus  by 
eiperiment,  mslciug  use  of  a  beam  of  light  coming  from  the  bud. 
In  this  form  the  concavo  reflector  may  be  used  to  collect  the  rays  for 
the  purpose  of  developing  a  great  amount  of  heat. 


399.  If  the  rays  of  light  emanate  from  some  point  of 
the  axis  not  infinitely  distant  from  the  mirror,  they  will  be 
brought  to  a  focus  at  some  point  of  the  axis,  generally 


ris.  104. 

different  from  .K  Thus,  in  Fig.  164,  the  pencil  of  rays, 
coming  from  the  point  B,  are  brought  to  a  focus  at  b,  be- 
tween  F  and  C.  Had  the  rays  emanated  from  b,  they 
would  have  been  brought  to  a  focus  at  B.  These  points 
Rre  so  related  as  to  receive  the  name  of  conjugate  foci. 
Hence  we  have  the  folloiving  definition  : 

CoNJtroATB  Foci  are  any  two  points  so  related  that  a 
pencil  of  light,  emanating  from  either  one,  is  brought  to  a 
foGtiB  at  the  other. 

That  one  from  which  the  light  actually  proceeds  ia  called 
the  radiant ;  thus,  in  Fig.  164,  B  is  the  radiant. 

«  pH*ei}Ktl  fiieiu  Ay  atperimiU. 
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The  following  are  some  properties  of  conjugate  fora  of 
concave  mirrors : 

If  the  radiant  is  on  the  axis  and  at  an  infinite  <listance 
from  the  mirror,  the  rays  will  he  parallel,  and  the  corre- 
sponding focus  is  at  J^  the  prindpal  focns.    (See  Fig.  162.) 

If  the  radiant  approaches  the  mirror,  the  focus  recedes 
from  it. 

If  the  radiant  is  beyond  the  optical  centre,  C,  the  focns 
ia  between  i^and  C 

If  the  radiant  is  at  C,  the  focns  is  at  Calso. 

If  the  radiant  ia  between  C  and  F,  the  focus  is  beyond  C, 
in  the  Section  CX. 

If  the  radiant  is  at  J^  the  focns  is  at  an  infinite  distance, 
that  is,  the  reflected  rays  are  parallel. 


Fig.  ISS. 

If  the  radiant  ia  between  F  and  A,  as  shown  in  Elg,  IflS, 
the  rays  are  refiected  so  as  to  diverge,  and  on  being  pro- 
duced backwards,  meet  at  p.  In  this  case  the  focus  is 
behind  the  mirror,  and  is  said  to  be  virtual  (Art.  273). 

If  the  radiant  is  not  on  tlie  axis,  the  pencil  of  rays  is  ob- 
lique, but  it  is  still  brought  to  a  focus,  and  if  not  far  distant 
from  the  axis,  the  radiant  and  focus  enjoy  properties  entirely 
analogous  to  those  just  explained. 

IrtbflndlantlsatanlnflnttedlsUiiFO,  wliere  Is  the  cnnjogiuriKniiT  Ifths  ndl- 
»nt  BpproiohM  the mltTor.  how dofitha focns  nioTo?  Wbftedoflwrinoetf  IT  tt» 
ndlut  It  U  tba  pdnclpd  fociit.  irb«re  1>  Uu  conJugiU  ItacDit  WbsD  It  tin  Ibcu 
-^rtuIT    EipUin  Urn  Isw  of  u  oblique  ptncU  of  »;«. 


Fonaation  of  Imag**  by  Concave  Hefleclors. 

9SO.  If  au  object  be  placed  in  front  of  a  concave  mirror, 
a  pencil  of  rays  will  proceed  from  each  point  of  the  object, 
and  after  reflection  will  be  brought  to  a  focua  either  real  or 
virtual.  The  collection  of  foci  thus  formed,  make  up  an 
image  of  the  object. 

Real  Imagei. 

S§l.  If  the  object  is  further  from  the  min-or  than  the 
principal  focus,  the  image  will  be  inverted,  and  real. 


Fig  166  represents  in  m\erted  imaEje  formed  by  a  con- 
cave reflector  That  the  image  is  real  may  be  shown  by 
throwing  It  upon  a  screen  or  a  sheet  of  paper 

(8800  How  l9  mi  Imaga  of  id  otiJeeC  IdrmeclT    (  !81.)  ^li«i>lBtlwimige  ml 
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Fig,  167  shows  the  course  of  the  rays  in  forming  a  real 
image  hy  means  of  a  concave  mirror.  Iq  this  case  the  image 
of  a  distant  chnrch  is  formed  and  thrown  upon  a  sheet  of 
paper ;  the  image  is  a  perfect  picture,  not  only  ia  outline 
but  in  color ;  its  only  defect  is  that  it  is  inverted. 


When  the  object  is  at  a  greater  distance  from  the  mirror 
than  the  optical  centre,  the  image  is  less  than  £he  object ; 
when  the  object  is  between  the  optical  centre  and  the  prin- 
cipal focus,  the  im^e  is  greater  than  the  object.  In  this 
case  the  reflector  may  be  used  as  a  magnifier. 


n  bmilDg  on  image.    Whea  I>  tbo  louga  m 


Virtual  Imagea. 

2§9.  When  tho  object 
h  between  the  principal  fo- 
cus and  the  mirror,  the  im- 
age is  virtual  and  erect,  as 
eliovvn  in  Fig.  168.  Further- 
more,  it  h  larger  than  tho 
object,  or  mi^nified. 

Fig.  169  shon-a  the  course 
of  the  rays  in  forming  a  vir- 
tual and  erect  image.  The 
foce  is  between  tlio  principal 
focus,  i*!  and  tlie  mirror. 
The  pencils  of  rays  from  a 
and  b  are  reflected  so  as  to  '* '"" 

diverge  from  the.  virtual  foci,  A  and  S.    It  ia  easily  si 
that  the  image  is  larger  than  the  object. 


la  luuse  vlitiull    Eipltda  the  coune  of  tbe  np  Id  ftumlni  ■ 


282  POPULAH     PHYSIC3. 

Fonnatton  of  Images  li;  ConveK  Reflectozs. 

S83.  In  convex  reflectors  the  reflection  takes  place  from 
the  outer  or  convex  surface. 

From  what  has  been  said  of  concave  mirrors,  It  will  readiJy 
be  seen  how  images  ai-e  formed  by  convex  reflectors.    The 


rig.  lift 


images  formed  in  this  case  are  always  virtual,  always  erect, 
and  always  smaller  than  the  object,  &a  is  shdwn  in  Fig.  ITO- 


Flj.  III. 

Fig,  171  shows  the  course  of  the  rays  in  the  formation  of 

ir  Inverted  Imigesf    Are  Uiey  nagiijll*' 
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an  image  by  means  of  a  convex  mirror.  Aflep  what  has 
been  said  in  the  preceding  article,  this  figure  needs  no 
explanation. 

III.  —  REFRACTION   OF   LIGHT.  —  LENSES.  . 

Refraction. 

d84.  Refraction  is  the  deviation  or  bending  which  a 
ray  of  light  undergoes  in  passing  fi*om  one  medium  into 
another. 

When  a  luminous  ray  falls  obliquely  upon  the  surface 
which  separates  two  transparent  media,  it  is  divided  into 
three  parts,  as  has  been  stated  (Art.  266).  The  first  part  is 
diffusely  reflected,  the  second  is  regularly  reflected,  and  the 
third  part  enters  the  second  medium,  ^hanging  its  direction. 

The  cause  of  this  change  of  di- 
rection is  a  change  in  the  elasticity 
and  density  of  the  ether  in  passing 
from  one  medium  into  the  other, 
which  causes  a  change  in  the  ve- 
locity of  the  ray.     Thus  the  dens- 


ity and  elasticity  of  ether  in  wa-  — -i^_^^= 


ter  are  different  from  what  they  "Ju        ic 

are  in  the  atmosphere,  so  that  light  Pi^  272. 

travels   considerably  faster  in   the 

latter  medium  than  in  the  former.  This  causes  the  ray,  on  possing 
from  air  into  water  to  bend  towards  the  normal  at  the  point  of 
incidence,  as  shown  in  Fig.  172.  The  ray,  LA^  is  bent  from  its 
course  so  as  to  take  the  direction  AK,  In  passing  from  water  to 
air,  the  ray  would  be  bent  from  the  normal,  just  the  reverse  of  what 
happens  when  light  passes  from  air  into  water. 

Definitions. 

985.     The  ray  before  refraction  is  called  the  incident 
ray  ;  thus,  LA  (Fig.  172),  is  an  incident  ray. 

( 284.)  What  Is  Refraction  ?     Wmt  U  ffu  eauM  of  rtfracUon  t    Which  vmy  U 
the  ray^ent  ?    (285.)  What  is  the  incident  ray  ?    lUastrate. 
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The  point  at  which  the  ray  is  deviated  or  bent,  is  called 
the  point  of  incidence  ;  thus,  ^  is  a  point  of  incidence. 

The  ray  after  deviation  is  called  the  refracted  ray  ;  thus, 
AK\a  a  refracted  ray. 

The  angle,  which  the  incident  ray  makes  with  the  normal 
at  the  point  of  incidence  is  called  tJie  angle  of  incidence^ 
and  the  plane  of  this  angle  is  the  plane  of  incidence.  Thus, 
LAB  is  an  angle  of  incidence,  and  the  plane,  LAB^  is  the 
plane  of  incidence. 

The  angle  which  the  refracted  ray  makes  with  the  normal 
at  the  point  of  incidence  is  called  the  angle  of  refraction^  and 
the  plane  of  this  angle  is  the  plane  of  refraction  ;  thus,  the 
angle  KA  (7  is  an  angle  of  refraction,  and  the  plane  of  this 
angle  is  a  plane  of  refraction. 

Laws  of  Refraction. 

386.  When  light  passes  from  any  given  medium  into 
another,  no  matter  what  may  be  the  angle  of  incidence,  it 
always  conforms  to  the  following  laws : 

1.  The  planes  of  incidence  and  refra/ition  coincide^  both 
being  normal  to  the  surface  separating  the  media^  at  the 
point  of  incidence, 

2.  The  sine  of  the  angle  of  incidence  is  equal  to  the  sine 
of  the  angle  of  refraction  multiplied  by  a  constant  quan- 
tity. 

The  constant  quantity  referred  to  varies  with  the  media, 
but  is  the  same  for  any  given  medium.  It  is  called  the 
index  of  refraction,  . 


What  is  the  point  of  incidence?  Illustrate.  The  refracted  ray?  lUustrate.  The 
angle  and  plane  of  incidence  ?  lUnstrate.  The  angle  and  plane  of  refraction  ?  Illus- 
trate. (2S6.)  What  is  the  first  law  of  refraction?  The  second  l»w?  Whatisth« 
index  of  refraction  ? 
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The  second  law  may  be  illuatraled  by  the  figure  in  the  margin. 
Let  A  be  the  point  of  incidence  on  b,  aurt'ace   Kcparatiug  air  from 
water.      With  A  its  b,  centre,  dcscribo  a  I'irole,  BmCp.     Let  LA  be 
an  iocident  ray,  and  AK  the  refracted 
ray.     Draw  m»  and  pg  perpendicular 
to  the  normal,  BC.     Then  will  theBQ 
lines  be  the  Binea  of  the  angles  of  inci- 
dence and  refraction,  and  we  shall  have 
in  the  particular  case  of  air  and  water, 
mn  equal  (opj  multiplied  by  11,  what- 
ever  may  be   the  iuclination  of  LK. 
Here  H  Ib  the  inde^  of  refraction.    Foe 
air  and  gla^s  the  index  of  refraction 
islj. 

Refractive  power  of  Bodies. 

3S7.  Different  bodies  possees  different  refractive  powers.  N>w> 
TOH  observed  that,  as  a  general  role,  the  refractive  power  was 
greatest  for  combustible  bodies,  or  bodies  containing  combuatibls 
elomenta,  such  as  alcohol,  ether,  oDb,  be,  wbieb  contain  both  hydro- 
gen and  carbon.  He  found  that  the  diamond  was  more  highly 
refractive  than  any  other  body,  and  hence  inferred  that  it  was  a 
combustible  body,  an  inference  that  has  since  been  confirmed.  It  is 
to  its  high  refractive  power  that  the  diamond  owes  its  brillianoy  m 
a  jewel.  Gases  are  not  so  highly  refractive  as  liquids,  but  their 
Tcfraclive  power  may  be  increased  by  compression,  which  augmenla 
their  density. 

B^terimental  proofs  of  Hefrftctioi). 

9SS.  Ha  beam  of  light  be  introdnced  through  &  hole  in 
&  shutter  of  a  dark  room,  and  allowed  to  &11  upon  the  siii-- 
fece  of  water  in  a  glaeB  vessel,  as  shown  in  Fig.  173,  the 
bending  of  the  beam  aa  it  enters  the  water  may  be  seen  by 


BoumaplhtMtcondlaabtOlwtrattdl    {391.)  DotiUliedietr0W!t e^aallst 
Eiplain'Siwioa'Mvitatr    (288.)  Explain  ttie  motbod  of  prorlsg  iBltvctlon  ra- 
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tlie  eye.  The  course  of  tbe  ray  in  the  air  may  be  rvndeni 
iiiure  Appiirent  by  tiHing  the  lur  with  fine  dust  or  8mok«,4 
fur  exoiDptc,  the  smoke  from  guupowder. 


Let  apiece  of  money  be  placed  at  the  bottom  of  an  en 
TCBsel,  aIld^heIl  take  a  position  such  that  the  coin  shall' 
be  hidden  by  the  side  of  the  Teasel.  Whilst  in  this  poril 
if  water  be  poured  into  the  vessel,  the  raya  from  the 
■will  be  refracted  so  aa  to  render  it  visible.  The  effect 
refraction  in  this  and  similar  cases,  is  to  make  the  botton 
the  vessel  appear  higher  than  it  is  in  reality,  as  show 
Fig.  174. 

Elpliln  B  Kcond  melhod  r 


■■rfiAcnoH  or  liqiit. 


•'«^. 


Borne  e0i»ots  of  RefiraoUon. 

3S9<  One  of  the  efieela  of  refraction  waa  eiplained  in  the  1a«t 
artifle.  Tha  principle  has  numerous  appUcatioua.  To  a  peram 
atBDding  on  tha  ahore,  a  fish  in  the  water  appears  higher  than  his 


(389.;  WAydBuajbi  turn  higharinVuvMirVvat  Kerta1li|U1 
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the  water  at  a,  is  refracted  from  the  perpendicular,  and  the  eye 
referring  the  object  in  the  direction  of  the  refracted  ray,  it  appears 
thrown  up. 

One  effect  of  refraction  is  to  make  ponds  and  rivers  appear  shal- 
lower than  they  really  are,  and  many  accidents  have  resulted  frooi 
the  illusion. 

If  a  stick  be  partially  plunged  into  water,  the  portion  immersed 
will  be  thrown  up  by  refraction,  and  the  stick  will  appear  bent,  as 
shown  in  Fig.  176. 


Fig.  176. 

Refraction  has  the  effect  to  make  the  heavenly  bodies  appear 
higher  than  they  are,  and  thereby  causes  them  to  rise  earlier  and  set 
later  than  they  would  do  were  there  no  atmosphere. 

'The  manner  in  which  refraction  acts  to  increase  the  length  of  the 
days  is  shown  by  Fig.  177.  In  that  figure,  our  globe  is  represented 
surrounded  by  the  atmosphere.  A  represents  the  position  of  an  ob- 
server, and  AH  is  the  horizoji*^  A  ray  of  light  coming  from  the  sun 
at  S,  whilst  still  below  the  horizon,  falls  upon  the  upper  surface  of 
the  atmosphere,  and  is  refracted  more  and  more  as  it  penetrates  the 
air,  and  finally  reaches  the  eye  at  A.  The  observer  referring  the 
sun  to  the  direction  in  which  the  ray  enters  the  »ye,  it  appears  really 
U)  be  above  the  horizon  when  it  is  actually  below  it.     In  like  nan- 

Eaoplaim,  the  phenomMum.  What  effect  has  reaction  an  the  apparmi  dep^  </ 
ponds  f  Why  /  Eaoplain  the  bent  appearance  qfa  stick  in  toaier.  JB^M  oft  ihe 
heavenly  bodies  J    How  does  r^raction  eerve  to  increase  the  length  o/dayUgkH 


UKBKJkt-noS 


Total  Bsflection. 


1  one  medium  to  a  more 

Ti'acted.  but  not  so  when 


300.  'When  light  passes  fror 
refiactive  one,  it  will  always  be  r 
it  passes  into  a  less  refractive 
me^iim,  as  when  it  passes 
from  water  or  glass  into  air. 
In  this  case  there  is  a  limit  to 
the  angle  of  incidence,  beyond 
vhich  refractioa  can  nut  take 
place. 

To  illustrate  this,  let  JIMC, 
Fig.  178,  represent  a  hollow 
globe  half  full  of  water.  A 
ray  of  light  coming  from  X  to 
A,  being  normal  to  the  surface 
of  the  globe,  experiences  n» 
refraction  there,  but  on  reaching^,  if  the  angle  of  incidence, 

(300.)  Gifiliilii  Ibt  pbrnancDOB  tf  uuj  laOBStlaii. 
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JQA  Cj  is  small  enough,  it  will  be  refracted  from  the  normal, 
£Aj  and  pass  out  into  the  air  in  some  direction,  AH- 
I^  now,  the  angle  of  incidence  exceeds  41^,  as  is  the  case 
with  the  ray,  M,  it  can  no  longer  pass  the  siir&ce,  AM^ 
but  is  reflected  in  the  direction,  Ar^  making  the  angle  lAc^ 
equal  to  the  angle,  CAr, 

This  kind  of  reflection  at  the  sur&ce  which  separates  two 
media,  is  called  internal  r^ction^  or  totcU  r^ftectian.  It  is 
called  total  reflection  because  the  light  is  all  reflected,  which 
is  not  the  case  under  any  other  circumstances  of  reflection, 
no  matter  how  nicely  the  reflecting  surface  may  be  polished. 

It  is  in  consequence  of  total  reflection  that  we  are  unable  to  see 
the  bottom  of  a  pond  of  .water  when  we  look  at  it  very  obliquely, 
becanse  the  rays  coming  from  the  bottom  towards  the  eye  do  not 
pass  out  into  the  air,  but  are  internally  reflected. 


991.  MiuAGE  is.  an  atmospheric  phenomenon  due  to 
refraction  and  total  reflection.  In  its  simplest  form,  it 
consists  of  what  sailors  term  looming ;  that  is,  by  the  effect 
of  extraordinary  refraction,  objects  on  the  shores  of  lakes 
and  seas  are  thrown  up  higher  than  they  naturaUy  appear. 

It  is  a  matter  of  record  that  on  one  occasion  the  French  coast  for 
■^▼eral  leagues  in  extent  was  visible  at  Hastings,  in  England,  though 
fifty  miles  distant.  Looming  takes  place  most  frequently  in  very 
hot  or  very  cold  countries,  and  in  those  regions  where  the  sea  and 
land  are  pretty  equally  divided.  It  is  due  to  different  portions  of  the 
atmosphere  becoming  unequally  heated. 

Sometimes  bodies  are  seen  thrown  up  and  inverted ;  this  is  due  to 
extraordinary  refraction  and  total  reflection,  some  stratum  of  air 
acting  as  a  reflector  to  the  oblique  rays  thrown  upon  it.  In  this 
way  inverted-  images  of  ships  have  been  seen  in  the  air,  when  the 
ships  themselves  were  so  far  below  the  horizoil  as  to  be  invisible. 


Why  can  tee  ruA  m«  iheJbcUom  of  a  pond  when  looking  wry  obUquely  t    (291.) 
What  is  Mirage  r    Eooplain  looming.    Eie^plain  invenion  of  olt^eaU, 
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SometimeB  a  layer  of  atmosphere  next  the  earth  becotnes  a  reflector, 
and  in  that  case  portions  of  the  earth  appear  to  the  traTeller  like 
lakes  and  poadt ;  suoh  appearanoes  are  frequent  Id  deaert  countriea 
■Bl-ben  the  heat  is  iutenEe.  To  heighl«n  the  illusion,  treea  are  ol'ten 
6«eD  reflected  from  the  Biirfaces  of  those  apparent  ponds.  An  exam- 
ple of  tbia  kind  is  shown  in  Fis-  179.     The  rays  coming  from  tba  top 


of  the  tree  on  the  left  of  the  picture,  are  totally  reflected  at  a,  from 
a  layer  of  the  aimospbere,  and  iiach  the  eje  of  the  observer  at  the 
tent.  The  observer  refers  the  position  of  the  tree  top  bacfcrrarda 
along  the  direction  of  the  dotted  line  which  oaueea  the  tree  to  appear 
inverted.     In  this  casa  both  the  tree  and  its  image  are  eoen. 

Now  if  we  iuppose  both  to  be  thrown  up  by  extraordinary  refrac- 
tion, we  shall  have  a  phenomenon  not  unfrequenlh  noticed,  in  which 
the  object  is  ebbh  elevated  in  the  air,  at^companieJ  by  on  inverted 


Many  other  e 
miras^i  which  vi 


B  phenomena  are   classed  under  the  head  of 
'e  not  apace  to  describe. 


In  Oe  datrt.    ^piain  l/u  apptar- 
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U«dia  with  parallsl  Fmoot. 
MM.  When  a  nj  of  light, 
Xm,  Fig.  leo,  £illa  upon  a  me- 
dium bounded  by  plane  &ces, 
as  a  pkte  of  glass,  for  example, 
it  ia  refracted  towards  tbe  nor- 
mal and  psssea  through  the  plate 
in  Bome  direction,  mn/  here 
it  ia  refracted  as  much  from 
tbe  normal  as  it  was  towards 
it  in  the  first  instance,  and  the 
ray  emei^ea  in  the    directioi 


no,  parallel  to  Zm.  Tiie  t 
direction  of  the  ray,  but 
amply  shift  it  slightly  to 
one  ade  or  the  othci 
Ilence,  in  looking  through 
a  window,  we  do  not  see 
the  direction  of  objects 
changed  by  the  interven 
tag  glass. 


•93.  A  PnisM  is  a.  re- 
fractive medium  bounded 
by  plane  faces  intersect- 
ing each  other. 

Pig.  181  represents  a 
prism  mounted  for  opti- 
cal experiments.  It  con- 
sists of  a  piece  of  glass 
with  three    plane    &ces. 


J  refractions  do  not  change  the 
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meeting  in  parallel  lines  called  edges.  It  is  placed  on  a  stand 
8o  that  it  can  be  elevated  or  depressed,  and  it  also  is  capable 
of  being  turned  around  an  axis  parallel  to  the  edges,  by 
means  of  a  button  shown  on  the  left. 

Prisms  produce  upon  light  which  traverses  themi,  two 
remarkable  effects:  1st,  a  considerable  deviation /  2d,  a 
decomposition  of  light  into  several  different  kinds. 

These  effects  are  simultaneous,  but  .we  shall  at  present 
only  consider  the  first  one,  leaving  the  second  to  be  studied 
hereafter  under  the  name  of  dispersion, 

Ooorse  of  Luminous  Rays  in  a  Prism. 

994L.     In  order  to  follow  the  course  of  a  ray  of  light  in 
passing  through  a  prism,  let  ;imo.  Fig.  182,  represent  a  sec- 
tion of  a  prism  made  by  a  plane  pei*pendicular  to  the  edges. 
A    ray    of   light, 
Xo,   fitUin^    upon 
the    &ce,   nm,    is 
refracted  towards 
the    normal,     and 
passes  through  the 
prism  in  the  direc- 
tion, ab ;  here  it 
fells  upon  the  sec- 
ond face,  mo,  and 
is  again  refracted, 
but  this  time  from 

the  normal,  and  emerging  into  the  air,  takes  the  direction, 
be.  An  eye  situated  at  c,  refers  the  object,  X,  backwards 
along  the  ray,  cb^  so  that  it  appears  to  be  situated  at  r.  The 
total  deviation  is  the  angle  between  its  original  direction, 
Xa,  and  its  final  direction,  cr. 

We  see  from  the  figure  that  the  ray  is  bent  from  the 


Fig.  182. 


Wh»t  effect  has  a  prism  on  light?     (  294-)  Explain  the  coarse  of  a  ray  thronch'r 
prism. 
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edge  in  yrY&ch  the  refracting  Joces  meet,  that  ia,  it  is  bent 
towards  the  thick  part  of  the  prism  ;  this  devistioQ  iias  the 
e&eot  to  make  the  ohject  appear  as  though  thrown  towards 
that  edge.  The  angle,  nmo,  is  called  the  re&actmg  aogle 
of  the  prism. 


Fig.  183  Efeewsjhe  displaceineot  of  an  ohject,  caused  by 
viewing  an  object  through  a  prisnt.  If  the  piism  is  verfical, 
the  displacement  is  towards  the  right  or  left,  according  to 
the  position  of  the  refracting  angle. 

SOS.  A  Lkns  ia  a  refracting  mediom,  bonnded  by 
curved  auriaces,  or  by  one  curved  and  one  plane  sur&ce. 

WliLi:liw>7litli*rvb«Dtr'  EipWD  rig.  168.    (ZBS.)  WhilbaLtDBf 


lAmm  are  usn^ly  made  of  glass,  and  are  bounded  by 
spbericat  suriuces,  or  by  one  spherical  and  one  plane  sarfece. 
•Ilie  Bnrfeces  are  made  spherical,  because  they  are  more 
easily  wrouglit  by  the  glass  grinder. 


Fig,  184  repreaents  a  side  \\qw,  nnd  Fig.  185  represents 
ft  fixmt  view  of  a  icns,  bounded  by  two  spherical  snrfilces. 


OlasdfioatioB  of  ZiS&m*. 

306.  Lenses  are  divided  into  six  classes,  according  to 
the  nature  and  position  of  the  bounding  snr&ces,  sectiODB 
of  which  are  shown  in  Figs.  186  and  187. 

'nie  first  three,  represented  in  Fig.  186,  are  thicker  in  the 
middle  than  at  their  edges.  These  converge  or  collect  rays 
of  lighj,  and  are  called  convergent  lenses. 

The  last  three  are  thinner  in  the  middle  than  at  their 
edges.  These  (2»!]er^  or  scatter  rays  of  light,  and  are  called 
divergent  lenses. 

Ofwbit  inlenHimdet    (  S96.)  Ho<rB*ar  Uid*  of  !«»••  an  OwnT    WM 

■rxoanistatlusHl    Dlrergut  IsumT 
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These  different  lenses  are  named  and  described  in  tho- 
following  definitions : 

1.  The  double  convex  lens.  My  bounded  by  two  convex 
sarfdces. 


Fig.  1S8. 


Fig.  1S7. 


2.  The  plano-convex  lens,  Ny  bounded  by  one  convex  and 
one  plane  suiiace. 

3.  The  meniscusy  O,  bounded  by  one  concave  and  one 
convex  surface,  the  concave  surface  being  the  least  cui-vcd. 

4.  The  double  concave  lens,  P,  bounded  by  two  concave 
surfaces. 

5.  The  plano-concave  lens,  §,  bounded  by  one  concave 
and  one  plane  sui'face. 

6.  The  concavo^onvex  lens,  i?,  bounded  by  one  concave 
and  one  convex  surface,  the  concave  sur&ee  being  the  mo9t 
curved. 

In  studying  the  effect  of  these  lenses,  it  will  be  sufficient 
to  consider  the  double  convex  and  the  double  concave  lenses 
as  specimens  of  the  classes  to  which  they  belong,  the  former 
representing  the  convergent^  and  the  latter  the  divergent 
classes. 


Name  and  describe  the  six  kinda  of  lenses  scparatcTj.    What  two  are  taken  a* 
■I>eeimene  ? 


LENSES. 
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Dftfiiritionii  of  Temuk 

29Y.  The  centres  of  the  boundmg  surfaces  of  a  lens  are 
called  Centres  of  Curvature;  thus,  in  Fig.  188,  c,  and  (7, 
are  centres  of  curvature. 

In  the  doable  convex  lens  tho  centre  of  curvature  of  each  surface 
18  on  the  opposite  side  of  the  ions  ]  iu  the  double  concave  lent  the 
reverse  is  the  case.  In  the  meniscus  and  the  concavo-convex  lens, 
both  centres  are  on  the  same  side  of  the  lens.  In  the  plano-convex 
and  the  plano-concave  lens,  the  centre  of  curvature  of  the  plane 
surface  is  at  an  infinite  distance,  and  in  a  perpendicular  to  the  plane 
surface  at  its  middle  point. 


Fig.  188. 

The  straight  line  through  the  centres  of  curvature  is 
called  the  axis  of  the  lens;  thus,  in  Fig.  188,  XT  is  the 
axis. 

It  is  demonstrated  in  higher  optics,  that  there  is  always 
one  point  on  the  axis  of  a  lens,  such  that  the  rays  of  light 
passing  through  it,  are  not  deviated  by  the  lens.  This 
point  is  called  the  optical  centre^  and  is  of  much  use  in  the 
construction  of  images. 

'    In  practice  it  is  usual  to  make  the  surfaces  which  bound 
double  convex  and  double  concave  lenses,  equally  curved. 


(297)  What  are  the  Centres  of  Cnrvatnre  of  a  lens?  Whsre  art  ^^t**** 
dtmt>U<umveKleM7  DtmUe  ooneatet  mnUcMf  PloM-etmeaee  andj^tmo- 
conemif  What  fa  the  axis?  What  is  tho  optical  centra?  Itouae?  Illp»ctlo^ 
how  are  the  eurvatores  of  the  surfaces  ? 

13* 
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Wben  this  is  tlie  case,  ae  we  Bhal!  suppose  in  what  foUovs, 
the  optical  centre  is  on  the  axis,  and  inidway  between  the 
two  aurfeoes  of  the  lens  ;  thus,  in  Fig.  188,  0  ia  the  optical 
centre,  and  an;  ray,  irj£,  paaaing  through  it,  is  not  deviated 
by  the  lens. 

To  find  a  normal  at  any  point  of  the  surface  ot  a  lens,  we 
draw  a  line  from  that  point  to  the  corresponding  centre  of 
curvature;  thus,  mC  and  nc,  are  normals  at  the  points 
m  and  n. 

Action  of  Ooavex  Lenses  on  Iil|^b 

«»9.  When  a  ray  of  light  fells  upon  one  sur&ce  of  a 
double  convex  lens,  it  ia  refracted  towards  the  normal, 
passes  through  the  lens,  is  again  incident  upon  the  second 
Bnr&ce,  and  is  refracted  from  the  normal.  This  action  is 
entirely  analogous  to  that  of  a  prism,  the  deviation  Jieing 
towards  the  thicker  portion  in  both  cases.  In  £ict,  if  we 
suppose  planes  to  be  drawn  tangent  to  the  surfaces  at  the 
points  of  incidence  and  emergence,  they  may  be  regarded 
as  the  fa^s  of  a  prism  through  which  the  ray  passes. 


999.    If  a  beam  ot  light,  parallel  to  the  axis,  fells  upon  a 
lens,  it  will  be  collected  by  refraction  in  a  single  point.     This 


n  light.     (3Q».)  What 
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point  is  called  the  principal  focusj  and  its  distance  from 
the  lens  is  called  the  principal  focal  distance. 

The  course  of  the  rays  is  indicated  in  Fig,  189,  in  which 
the  rays  parallel  to  C-X^  are  brought  to  a  focus  at  JFl 
Here,  JF  is  the  principal  focus. 

U  is  to  be  observed  that  the  rays  will  not  be  accurately  brought 
to  a  foeos,  except  in  the  case  in  which  the  surface  of  the  lens  is 
flinall,  "wbatk  compared  with  that  of  the  whole  sphere  of  which  it 
forms  part  This  scattering  of  the  rays  from  a  focus  is  called 
sjpherical  aberration.  It  is  remedied  in  practice  by  covering  up  a 
piart  of  the  surface  on  which  light  falls,  by  a  paper  cover  with  an 
cjpirtnre  in  its  centre. 

Mad  the  rays  fallen  upon  the  other  side  of  the  lens,  they  would 
have  h0bu  brought  to  a  focus  as  far  to  the  right  of  the  lens,  as  F  ts 
to  Ihe  left  of  it 

^  OootJugate  FooL 

800.  Conjugate  Foci  are  any  two  points  so  situated 
on  the  axis  of  a  lens,  that  a  pencil  of  light  coming  from  one 
is  brought  to  a  focus  at  the  other.  That  from  which  the 
light  actually  comes  is  called  the  radidnt. 

In  Fig.  191,  a  pencil  of  rays,  coming  from  X,  is  brought 
to  a  focus  at  Z,  had  the  light  come  from  Z,  it  would  have 
been  brought  to  a  focus  at  X ;  X  and  I  are  conjugate  foci, 
and  in  the  case  figured,  X  is  the  radiant. 

When  the  radiant  is  at  an  infinite  distance,  the  rays  are 
parallel,  and  the  corresponding  focus  is  at  JP;  this  is  the 
principal  focus.  As  we  have  already  seen,  there  are  two 
such  fod,  one  on  each  side  of  the  lens.  It  will  be  sufficient 
for  our  purpose  to  suppose  the  light  to  come  from  the  right, 
in  which  case  the  principal  focus  is  on  the  left,  at  F, 


Principftl  focal  distance?  Explain  the  coarse  of  the  rays.  What  is  tpheHoal 
dbsrraU&tif  Bow  remedied f  (300.)  What  are  Ck)i^agate  Foci?  What  is  fh* 
radiant?  lUnstrate.  When  the  radiant  is  at  an  inflalta  distance,  where  is  the  eon- 
Jngatelbens? 
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When  tho  nulioDt  is  anyvhev  on  the  axis  at  a 
difitance  than  the  piincipal  focal  diatanoe,  the  <H>ri 
focus  will  also  be  at  a  greater  distance  from  the  hu 
the  princip^  focal  distance,  as  shown  in  Fig.  190. 


If  the  riwliaiit  approacli  tlio  lens,  ihe  corrtisponding  focM 
will  recede  from  it,  as  ia  shown  in  Fig,  lOI. 

If  the  riuliant  is  at  the  piinci|>.il  focal  distance,  the  re- 
fracted raj'9  will  be  parnHel,  that  ia,  the  corresponding  focM 
wiU  be  at  an  infinite  distance,  aa  is  shown  in  the  upper  dia- 
gram of  Fig.  103. 

If  the  radiant  is  still  nearer  the  lens,  the  rays  will  diverge 
after  deviation,  and  h  ill  only  meet  the  axia  on  being  pro- 
duced backwards,  in  which  case  the  focua  is  virtual,  as  is 
shown  in  the  lower  diagram  of  Fig,  193.  In  this  diagram 
i  is  the  radiant,  and  /  the  virtual  focus. 

Thus  far  we  Iiave  supposed  the  radiant  to  1>e  situated  on 
the  principal  axia ;  if  it  is  on  any  line  through  the  optical 
centre  not  much  inclined  to  the  axis,  the  correspontUng 

WImd  tb«  rudlunt  I>  it  k  dlatiinca  greater  tbon  the  piindptl  (b«l  distincf.  vbtn 
litb*  ennjngatc  Aksds  t    Wbcn  (be  radt.int  •pproiU'liH  tbe  leniif    Wbm  at  Ibe  prio- 
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focus  will  be  on  that  line,  and  the  laws  which  regulate  the 
pofiitjoiis  of  conjugate  fod,  already  conudered,  will  be  ap- 
plicable. 

These  principles  are  of  use  in  the  discnsdon  of  images 

formed  by  louses. 


Formation  of  iDu^ea  ^y  Convex  Lenae*. 
301.  If  an  object  be  placed  in  front  of  a  lena,  each  point 
of  it  mi\j  be  regard(;d  as  a  radiant  sending  out  a  pencil  of 
rays.  Each  pencil  ia  brought  to  a  focus  somewhere  behind 
the  lens.  The  assemblage  of  these  foci  makes  up  a  picture 
of  the  object,  which  is  called  its  image.  When  the  object  is 
'at  a  greater  distance  from  the  lens  than  the  principal  focal 
distance,  the  image  will  be  real  and  inverted.  The  course 
of  the  raya  is  shown  in  Fig,  1 94,  The  image  is  real,  as  may 
be  shown  by  throwing  it  upon  a  screen;  so  long  as  the 
image  is  real,  it  is  inverted,  as  may  be  seen  by  allowing  it 
to  fall  upon  a  screen,  or  it  may  otherwise  be  shown  from 
the  fact  that  the  axis  of  each  p^cil  passes  through  the  op- 
tical centre ;  hence  the  image  of  each  point  is  on  the  oppOKte 
dde  of  the  axis  from  the  point. 

(301,)  EipbiB  lbs  Farmttlon  ofu  Imigobri  lena. 
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With  respect  to  the  size  of  the  image  in  Hm  case,  it  maf 
be  dtber  greater  or  amaller  than  the  object.  When  tbe 
object  is  &rther  from  the  lens  than  tvice  the  principal  fixnl 
distance,  the  image  is  smaller  than  the  object ;  vhed  &t 
object  is  at  twice  the  focal  distance,  the  image  is  of  tbe 


same  size  ns  the  object ;  vhm  the  clistnnce  is  less  than  tviM 
the  principal  focnl  distance,  and  greater  than  the  prindpal 
focal  distance,  the  image  is  greater  than  tho  object. 

These  principlpB  mny  bo  shown  experimentally  bb  follows: 

Let  a  convei  lena  be  placed  in  a  dark  roonij  and  .suppose  its  prio- 
cipal  local  distanee  lo  have  been  determined  by  means  of  a  beam  of 
solar  rays.  Let  a  candle  be  placed  in  front  of  the  lens,  and  &  lereen 
behind  it  to  receive  its  image,  as  shown  in  Fig.  195. 

When  the  distance  of  the  candle  from  the  lens  is  more  than  twiot 
the  principal  focal  distance,  its  image  will  be  less  than  the  objact; 
and  the  more  remote  the  candle,  tho  less  will  be  its  image. 

If  the  candle  be  moved  towards  the  tens,  its  image  will  grow  largN, 
Dntil,  at  twice  the  principal  fooil  distance,  the  size  of  the  image  and 
object  will  be  equal. 

If  the  candle  be  moved  Btill*[iearcr,  the  size  of  tho  image  will  be 
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shown 


increased,  that  is,  it  will  become  greater  than  the  objeet, 
in  Fig.  196. 

If  the  diBtanoe  of  the  object  does  not  become  smaller  than  the 
principal  focal  diBtonce,  the  Image  will  be  inverted,  aa  ia  ihown  in 
Fig>.  19S  and  196. 


If  the  object  approach  still  nearer  the  lens,  Ihat  is,  if  its  distance 
becomcE  less  than  the  principal  focal  dintanec,  the  image  will  in- 
creaae.  it  will  become  erect,  and  furthermore  it  will  bevirtoai.  The 
coarwioftherayair  tliiHcaseis  shown  in  Fig.  197,  Here,  06  ia  the 
object,  and  AB  is  its  image,  which  can  only  bo  seen  by  looking 
through  the  leni. 

In  this  case  the  lens  becomes  whales  called  a  single  vacroscnpe. 

When  the  object  is  at  thb  principal  focal  dietnnce  from  the  lens, 
the  image  ia  infinite;  that  is,  it  diaapjiears. 


rt-ffle  1, 
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n  just  described  may  bo  observed  by  looking  thronih 
a  coiivox  lens  at  Uic  IcLterE  on  a  printed  page.  When  the  letten  ue 
at  a  «horl  dUtance  from  the  lens,  they  are  magnified  and  eitetj 


on  renioTiiij;  the  lens,  they  disappear  at  the  principal  focal  diEtauce, 
and  finally  reappear  invorted  and  diminished  in  size. 

FomuiUoit  of  Lnages  by  Oonoave  IieuMS. 

8M>  Concave  lenses  being  thinner  in  the  middle  than 
at  the  edgea,  have  the  effect  to  diverge  parallel  rays.  If  the 
rays  ure  already  divergent,  these  lenses  make  them  still 
more  so. 

This  is  ahown  in  Fig.  198,  in  which  a  pencil  of  raye,  coming  from 
tlio  radiant,  L,  are  made  to  diverge,  as  though  tboy  proceeded  from 
b. 'point,  I,  nearer  the  Ims.  This  point,  /,  is  the  virtual  focos,  cor- 
rcapondins  to  tho  radiant,  L.  To  an  eye  nitualcd  on  the  left  of  the 
luiia,  tho  light,  L,  appeare  to  be  situated  at  I. 


Fi-om  what  has  been  said,  it  is  plain  that  the  images 
fbmjcd  by  ooncave  lenses  uie  virtual.  They  are  also  erect, 
83  in  Fig.  108. 

The  course  of  tho  i-ays,  in  forming  an  unage  in  the  case 
of  a  concave  lens,  ia  shown  in  Fig.  199,  In  that  figure,  AB 
represents  the  object,  A  pencil  of  rays,  coming  from  A,  ia 
deviated  so  as  to  appear  to  come  from  a,  situated  on  a  line 
drawn  from  A  to  the  optical  centre  of  the  lens  O.  A  pencil, 
coming  from  H,  is  deviated  so  as  to  appear  to  come  from  b, 
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<Hi  the  line  Bo.    Hence,  ah  u  the  image  of  the  object  AB, 


and  is,  ns  we  sec,  smaller  tliaii  the  object,  being  nearer  the 
optical  centre,  and  fnrtherinore  it  is  erect. 

Baming-glaues. 

303.  Rays  of  heat  are  eubjeet  to  the  same  laws  of 
reflection  and  refi-aetion  as  rays  of  light.  Whan  a  beam  of 
Bolar  light  falls  npon  a  convex  lens,  there  is  not  only  a  con- 
centration of  light  at  the  focus,  bat  of  heat  also. 

The  heal  concentrated  is  so  great  ae  to  inflame  combustible  bodiei, 
inch  as  paper,  cloth,  wood,  and  the  like.  In  the  case  of  large  lensei, 
the  heat  hecomes  sufGcientlj  powerfiil  to  fuse  metala.  This  propertf 
of  lensei  has  been  used  to  proonre  Are ;  the  lens  in  this  case  is  called 
a  bttTning-glasn.  Lensei  carelessly  exposed  may  eoroetimes  canse 
dangerous  results,  by  setting  fire  to  inflainniable  materials.  Thii 
effect  may  result  from  spherical  TesspU  of  glass  filled  with  water, 
which  possess  all  the  properties  of  lenses. 


A  enriotifl  application  of  this  principle  ie  shown  in  Fig.  SOO.  A 
ians  is  arranged  with  ita  axis  in  the  meridian,  so  that  its  principal 
lb«M'th»U  &U  nponthe  rent  of  a  small  coimon     When  th«  mn 


crosses  the  irieridinn.  tlic  rnys  ore  concentrated  upon  Ibe  vent,  and 
if  the  gun  has  heen  loaded  oiid  primed  beforehand,  ti  will  be  dis- 
charged at  midday. 

•~^  Ug^t-houaea. 

Aok.  LiGHT-nocsES  are  towers,  erected  along  the  coast, 
upon  the  tops  of  which  are  laiiteruB.  These  lanterns  are 
lighted  at  night  as  guides  to  mariners. 

One  of  the  most  famous  lighl-hoiisea  of  antiquity  was  that  on  IhB 
little  Island  of  Pharos,  near  Alexandria,  in  Egypt.  From  the  loca- 
tion  of-  this  light-houae  the  French  derive  the  name  pkaro,  which 
they  apply  to  all  light-housea.  In  former  times  light-houses  were 
illuminated  by  fires  built  with  wood,  coal,  or  some  bituminous  sub- 
stances. 

'    Oiv*  an  ocMwit  qf  tin  an- 
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Tham  methods  of  illuminatioD  were  aR«rwarda  rep1>ood  by  oil 
I&Ripa  placed  in  the  fool  of  concave  refleoton,  which  aerved  to  con- 
oentrate  the  raya,  and  Ihua  to  heightoD  their  illnniinatiag  effect 
Bat  the  reAoctora,  beiog'  made  of  metat,  were  looa  taruiabed,  and 
the  light  afforded  became  feeble. 

In  1822,  Feesnel,  already  dietrnguialied  by  his  discoveries 
ID  optics,  and  by  his  researches  on  the  wave  theory  of  light, 
invented  a  new  system  of  illumination,  which  is  now  being 
adopted  in  all  civilized  coontiies. 


Fig.  Ml. 


Fig.  na. 


Abandoning  the  reQactors,  which  became  tarnished  by  the  influence 
of  sea  fogs,  he  substituted  for  them  plano-convex  leoseB,  in  tba 
principal  foci  of  which  he  placed  powerful  lamps  with  four  cod- 
centrio  wicks,  each  of  which,  for  the  quantity  of  oil  consumed,  and 
the  amount  of  light  given  out,  was  found  to  be  equivalent  to  seven- 
teen carcel-lampB.  The  difficulty  of  constructing  large  pUno-conrei 
lenses,  together  with  their  great  absorption  of  light,  led  finally  to  the 
adoption  of  a  particular  system  of  lenses,  known  as  ichelon  lensts. 

Thaeo  lenses  will  be  understood  by  examining  Figs.  201  and  202 ; 


Id  F»un.  IntrodnH  I 


«i>pJni»  rtiprimrfpta  q^r^ifecteri.    WhM  modlllMl 
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Fig.  201  shorn  s  ftaat  Tiew,  uid  Fi;,  £02  a  section  or  proftle  i>t  ta 
echelon  lane. 

A  lens  of  this  kind  conaisli  of  a  plajio-convex  lent,  A.  ftbont  a  foot 
in  diuueter,  Mwuid  wbioh  are  diipoeed  wveral  anaulM  Unsee,  which 
■j«  alco  plano-convex,  and  whose  curvalnre  is  so  calcalaled  that 
mA  one  shall  haTe  the  tame  principal  focus  as  the  oeatral  lani,  A. 

A  lunp,  -L,  being  placed  at  the  principal  focus  of  this  mfracliog 
■]ntem,  as  shown  ia  Fig  2(J2,  the  light  emanating  from  it  is  refracted 

«  beam,  RC,  of  parallel  rays.  — rS^- 


e>/Aitn  tUtreJutor*  iwd  byTannv 
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Besides  this 


Fig.  KM. 
fading  aystoin,  several  ranges  of  reflector^  mn,  are 
I  reflect  gucIi   light  as  would  otherwise  be  lost,  to 
increase  the  beam  of  light  formed  by  refraction. 

By  this  double  combination,  an  immense  beam  of  light  ie  afforded, 
which  renders  the  light  visible  for  fifteen  or  twenty  leagues ;  but  this 
beam  is  only  visible  in  a,  einglo  direction.  To  remedy  this  defect, 
Frbsnel  united  eight  syslema  similar  Ui  that  just  described,  vbich 
combination  presents  the  appearance  of  a  pyramid  of  glass,  uina  or 
ten  feet  in  height. 

Fig.  203  reprEsciita  a  section  of  the  lantern  of  a  lighUhonM  of  the 


u  F.ni 


light  n^ilAif 
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first  order,  which  was  cctually  constructed  by  M.  Sautter,  and 
exhibited  at  the  great  "  Universal  Exposition"  of  France,  in  1855. 

In  order  to  illuminate  all  points  of  the  horizon,  the  system  is  made 
to  revolve  on  a  vertical  axis  by  clock-work.  The  clock-work  is 
shown  at  M  in  the  figure,  and  the  weight  at  P.  To  prevent  friction 
the  cystem  turns  upon  six  wheels,  or  rollers,  shown  in  the  figure  to 
the  left  of  M, 

In  oonsequenee  of  this  rotation  an  observer  at  any  point  will  soo 
eight  flashes  of  light  during  one  revolution,  which  are  followed  by 
as  many  intervals  of  darkness,  called  eclipses.  By  suitably  regulating 
the  number  of  revolutions  in  any  given  time,  difierent  light-houses 
may  be  distinguished  from  each  other. 

Fig.  204  shows  a  complete  light-house,  and  the  manner  in  which  it 
thnrsn.out  a  beam  of  light.  The  distance  at  which  these  lights  may 
be  seen  depends  upon  the  quality  of  the  illuminating  apparatus,  and 
upon  their  altitude  above  the  sea.  They  are  usually  built  upon 
■  blofiSi.  or  else  the  tower  is  sufiiciently  elevated  to  place  the  lantern 
from  150  to  200  feet  above  the  level  of  the  sea.  The  United  States 
government  is  engaged,  through  its  present  efiicient  Light-house 
Board,  in  constructing  a  great  number  of  light-houses  on  our  coast,  of 
the  most  approved  desbription. 


IT.  — D  SCOVPOSIT  I  ON     OF     LIGHT.  —  COLORS     OF     BODIES. 


* 


^  Solar  Spectrum. 


805.  When  a  ray  of  solar  light  passes  through  a  prism, 
it  is  not  only  deviated,  but  it  is  decomposed  into  several 
rays,  which  are  scattered,  or  spread  apart. 

The  property  which  a  refractive  medium  possesses  of 
decomposing  and  scattering  solar  light,  is  called  its  disper- 
sive power^  and  the  phenomenon  is  called  dispersion. 

The  phenomenon  of  dispersion  is  shown  in  Fig.  205.  A 
beam  of  light  entering  a  hole  in  the  shutter  of  a  darkened 

JBbw  are  all  points  of  the  horUon  illuminatftd  f  What  are  flashes?  Eayplain 
their  production.  Explain  Fig.  204.  ( 305.)  How  does  a  prism  act  to  scatter  rajs  ? 
What  is  th9  dispersive  power  ?    Dispersion  ?    Illustrate. 


room  falls  upon  a  liorizontal  pi-ism,  having  its  refracting 
angle  turned  downwards.  The  whole  beam  is  bent  upwards, 
and  at  the  same  time  Is  separated  into  seven  distinctly 
colored  beams,  as  may  be  seen  by  interposing  a  screen  at 
the  distance  of  several  feet  to  receive  them. 

The  elongated  image  formed  upon  the  screen  is  called  the 
eolar  spectrum,  and  counting  from  below  upwards,  the  fol- 
lowing is  the  order  of  the  colors  sho^vn  npon  the  screen : 
1st,  red  at  r  ;  2d,  oranffe  at  o  ;  3d,  yellow  at  _;  /  4th,  ffreen 
at  V ;  fitli,  blue  at  b;  6tli,  indigo  at  i;  and  7th,  violet  at  v. 
Besides  the  colored  rays,  it  can  be  shown  there  is  an  invisi- 
ble space  below  r,  where  the  heat  is  greater  than  at  any  other 

WliM  In  the  Kilar  spectrum?     OItb  the  colnra  of  the  ■peetroin  In  th^  ordn. 
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part  of  the  spectrum,  and  a  space  above  v,  where  the  chemi- 
oal  effect  is  grater  than  at  any  other  part  -of  the  spectrum. 
.Tj^^eae -in^dttble  rays  have  been  called  lieat  rays  and  actinic 

•   'In  ilie  flgnra,  those  rays  -wiiich  he  lowest  are  loast  refracted ;  thus 
^]|^tjrays,are  l^ss  refracted  than  rod  rays,  red  rays  less  than  orange 
'  ottMi  and  ao  Ob  to  the  actinic  rays,  which  are  more  refracted  than 
■97  of  the  oolored  rays. 

Colon  in  light  correspond  to  pitch  in  sound.  The  red  waves  are 
{he  longeet  of  the  colored  ones,  and  correspond  to  sounds  of  a  low 
pitch ;  violet  waves  are  the  shortest,  and  correspond  to  sounds  of  a 
hijih  j»itoh.  The  range  of  colors  that  are  visible  to  the  eye  is  much 
Ion  than  that  of  sounds  that  are  audible  to  the  car. 

fietween  the  seven  colors  above  mentioned,  there  is  every  variety 
of  ohade,  lo  that  a  colorless  ray  of  light  is  not  only  resolved  into 
■even  eeparate  rays,  but  it  is  actually  resolved  into  an  infinite  num- 
ber of  rays.  It  will  however,  be  found  convenient  to  consider  them 
in  Mven  groups,  as  before  stated. 

Diflferent  media  possess  different  dispersive  powers. 

The  Seven  Oolors  of  the  Spectrum. 

806.  If  any  one  of  the  seven  colored  rays  of  the  spectrum 
be  allowed  to  pass  through  a  hole  in  a  screen  and  fall  upon 
a  second  prism,  it  >vill  be  deviated  as  before,  but  no  further 
dispersion  Avill  take  place.  This  fact  is  expressed  by  saying 
that  the  colors  of  the  spectrum  are  simple  colors. 

The  lengths  of  the  waves  necessary  to  produce  any  color  have 
been  measured,  and  it  is  found  that  in  order  to  produce  the  extreme 
rod  light  the  length  of  the  wave  must  be  0.0000266th  of  an  inch,  and 
to  produce  the  extreme  violet,  this  length  must  be  0.0000167th  of  an 
inch.  These  facts  indicate  that  in  red  light  the  number  of  vibrations 
in  one  second  is  458  millions  of  millions,  and  in  violet  light  the  num- 
ber of  vibrations  per  second  is  727  millions  of  millions. 

Which  are  most,  and  which  least  refracted  J  What  relation  do  colors  bear  to 
sound  f  Into  how  many  actual  rays  is  a  ray  of  light  divided  f  (306.)  What  are 
•Ixnple  colors?  Why  so  called?  Bow  many  vibrations  per  second  in  redUghit 
In  violet  light  t 

14 
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« 

BMt  lUsTB-  suid  Aotliilo  Rays. 

80Y«  The  seven  rays  enamerated  differ  in  flluminating 
power,  the  middle  rays  being  those  which  possess  the 
greatest  illaminating  power.  That  is,  the  most  powerfully 
iQmninating  rays  lie  midway  between  the  heat  rays  and  the 
aetinio  rays. 

If  a  thermometer  be  lield  for  a  time  in  the  different  rays, 
beginning  at  the  violet,  it  will  show  an  increase  of  heat  till 
it  comes  outside  of  the  red  rays,  where  it  is  greatest. 

The  actinic  rays  are  those '  which  produce  chemical 
changes.  If  a  strip  of  paper,  prepared  with  nitrate  of  silver, 
be  placed  in  the  spectrum,  it  will  be  least  changed  in  the 
red,  and  in  passing  towards  the  violet  end,  this  change  will 
increase  till  it  becomes  the  greatest  beyond  the  violet. 

Recomposition  of  lAght/ 

S08.  The  seven  colors  produced  by  a  prism  may  be 
reunited  so  as  to  produce  wliite  light. 

1.  If  we  decompose  light  by  a  prism,  and  then  receive  it 
upon  a  second  prism  exactly  like  it,  having  its  refi-acting 
angle  turned  in  an  opposite  direction,  it  ^vill  be  recomposed, 
and  emerge  as  white  light. 

This  amounts  to  nothing  more  than  passing:  light  through  a  medi- 
um boimded  by  parallel  plane  faces. 

2.  If  the  light,  after  being  decomposed,  is  received  upon  a 
double  convex  lens,  it  will  be  recomposed,  and  if  a  screen  be 
held  at  the  focus  of  the  lens,  an  image  will  be  £jrmed 
entirely  free  from  color. 

The  manner  of  performing  this  experiment  is  shown  in  Fig.  206. 

(807.)  Which  are  the  most  illnmlnating  rays?  How  is  their  heating  power? 
What  ave  aotinio  rays  ?  Which  produce  the  greatest  chemical  efoct  f  How  shown  ? 
(SOS.)  May  the  rays  he  reunited?  First  method?  2b  what  ia  this SQuiwaleiUr 
Second  rjothod  ? 
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3.  If  the  decoTiiposoil  light  be  received  npon  A  cnncriTO 
mirror,  it  nill  in  like  inamier  bo  rccomposed  and  a  colorlcBS 
image  proJuccd. 

4.  If  a  circular  disk  of  card-board  be  panted  as  shown  in 
Fig.  207,  in  sectors,  the  colors  being  diatribafed  according 
to  iotenBity  and  tint,  ae  in  the  spectrum,  it  will  be  found  on 
rotating  the  disk  rapidly  by  a  piece  of  mechanism  shown  in 
Fig.  20S,  that  the  separate  colora  blend  into  a  dngle  one, 
which  is  a  grayish  white. 

Tlie  color  (Tom  any  sector  prodtic«s  npon  Ihe  e^e  an  impreMiion 

TUrdoiPliiodf    ronrtli  nMthftdl 
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that  ImU  for  an  appreciable  length  of  time.  In  the  eiperimont,  the 
rotation  ie  so  rapid  that  the  impreRsions  from  nil  of  the  colore  coexist 
at  the  same  inatant,  and  the  eBba  is  the  same  as  though  the  colors 

That  the  impression  produced  hy  light  lasts  for  an  appreciable 
length  of  time,  may  be  shown  by  -whirling  a  lighted  stick  retind  in  a 
ciroloj  it  will  present  the  appearance  of  a  continuous  circle  of  fire. 

1^  Color  of  Opaque  Bodies. 

'  309.  The  color  of  a  body  may  be  Umpmsry  or  jiermar 
nent.     Temporary  colors  arise  from  some  modification  of 

light,  of  a  trODBient  character.  ^    - 

•  HoM  dew  UojTW*'W»*'Afl  <<"P™w<Mt  ■a' «*"■'"•**. *^  "  •*°^  ""*'  *■■ 
nov  M  A«  a*dtni  r    (  309.)  From  nbat  don  th*  color  or  ■  liodf  mii»r 
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Thus,  by  refraction,  certain  drops  of  water  in  the  air  are  colored, 
prodacing  the  rainbow ;  the  color  of  these  drops  is  dne  to  their 
position  with  respect  to  the  eye  and  the  son.  The  colors  of  soap- 
babbles  are  dependent  upon  interference,  a  principle  not  yet  ex- 
plained, and  are  transitory. 

The  colors  of  finely-grooved  surfaces  are  due  to  interference.  These 
colors  are  independent  of  the  physical  constitution  of  the  body,  and 
depend  solely  upon  the  fineness  and  shape  of  the  grooves. 

The  play  of  colors  upon  mother-of-pearl  is  due  to  fine  grooves  or 
^risB,  as  may  be  shown  by  taking  an  impression  of  a  piece  of  it  in 
-white  wax ;  the  colors  of  the  wax,  thus  prepared,  are  entirely 
analogous  with  those  of  the  mother-of-pearl,  from  which  the  im- 
pression was  taken. 

With  respect  to  the  permanent  colors  of  bodies,  Yarioas 
opioions  have  been  held.  Newton  conceived  that  bo^es 
had  the  power  of  absorbing  some  of  the  rays  of  the  spectrum 
and.  reflecting  the  remainder.  According  to  this  theory,  the 
color  of  a  body  would  be  that  arising  from  a  mixture  of  the 
Inflected  rays.  Thus,  vermilion  was  supposed  to  have  the 
power  of  reflecting  the  red  rays  only,  whilst  all  of  the 
others  were  absorbed.  All  bodies  placed  in  a  red  light 
appear  red,  in  a  blue  light,  blue,  and  so  on  for  other  colors. 

Arago  was  of  the  opinion  that  the  colors  of  bodies  arose 
from  light  admitted  into  the  body  and  then  emitted  again, 
undergoing  certain  modifications.  Color  would,  according 
to  this  theory,  depend  upon  the  molecular  condition  of  the 
body.  According  to  this  view,  color  is  a  modification  of 
light,  entirely  analogous  to  that  modification  of  sound  which 
we  call  the  tone, 

Arago's  theory  was  based  upon  a  difference  of  property  between 
refiecled  and  refracted  light.  On  examining  the  colors  of  opaque 
bodies,  he  found  that  the  light  agreed  with  that  which  had  been 
refracted,  rather  than  with  that  which  had  been  reflected. 

Explain  temporary  colors  in  ease  of  rain-drops.  Of  grooved  surfaces.  Of 
mather'Of'pearl.  What  is  Nbwtoit's  theory  of  colon  of  bodies  ?  Whst  is  Aba«o*s 
theory  ?    On  what  teas  Abago'b  theory  based  t 
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Colon  of  Transpaxent  Bodies. 

810«  All  transparent  bodies  absorb  more  or  less  of  tbe 
light  which  enters  them,  and  if  sufficiently  thick,  must 
appear  colored.  Their  color  is  due"  to  that  part  of  the  light 
which  is  transmitted. 

If,  for  example,  all  of  the  solar  rays  except  the  red  ones  are  ab- 
sorbed l>y  a  medium,  it  will  appear  red  by  transmitted  light.  Water 
when  seen  in  masses  by  transmitted  light,  appears  of  a  greenish  hue. 
Air  appears  blue ;  hence  the  color  of  the  sky.  As  we  ascend,  the 
mass  above  us  becomes  smaller  and  loses  its  blue  tint.  It  is  proba- 
ble that  the  bluish  tint  of  the  heavens  is  also  in  a  measure  due  to 
reflection  from  the  aerial  molecules.  At  i^niurise  and  sunset,  the 
luys  of  the  sun  have  to  traverse  a  great  body  of  the  atmosphere, 
which  absorbs  most  of  the  rays  except  the  red  ones.  Henoe  it  ii, 
that  the  sun  appears  red  at  sunrise  and  sunset. 

Complementary  Colors. 

311.  Newton  calls  two  colors  complementary^  when  by 
their  mixture  they  produce  white. 

If  all  the  rays  of  the  spectrum  except  the  red  ones  be 
recomposed  by  a  convex  lens,  a  bluish-green  color  will 
result ;  hence,  red  and  gi*een  are  complementary.  In  like 
manner,  it  may  be  shown  that  blue  and  orange  are  com- 
plementary, as  are  also  violet  and  yellow. 

Accidental  Images.  —  Accidental  Fringes. 

313.  A  curious  effect  of  color  upon  the  eye  is  manifest  in  the 
production  of  what  are  called  accidental  images. 

If  a  wafer  upon  a  black  ground  be  viewed  intently  for  some  time, 
until  the  nerve  of  the  eye  becomes  fatigued,  and  the  eye  be  then 
directed  to  a  sheet  of  white  paper,  an  image  of  Ihe  wafer  will  be 
seen  upon  the  paper,  whose  color  is  complementary  to  that  of  the 


(310.)  To  what  is  the  color  of  transparent  bodies  dne  f  lUtuimU  hy  wampi-ett. 
(811.)  What  are  complementary  col^/rs?  What  Is  the  complement  of  red?  Of 
green?  Of  blue?  Of  orange?  (312.)  What  U  an  ooeidMUUimaffet  lUuttraUi 
What  U  th0  eatue  of  accidental  imagw  t 


DECOMPOSITION    OF    LIGHT    AND    COLOR*  319 

wafer.  Thus,  if  the  wafer  is  red.  the  image  will  be  green ;  if  the 
wafer  is  orange,  the  image  will  be  blue,  and  so  on.  These  images 
are  called  accidental. 

If  the  setting  sun,  which  is  red,  be  viewed  for  some  lime,  and  then 
the  eyes  be  directed  to  a  white  wall,  a  green  image  of  the  sun  will: 
be  seen,  which  will  last  for  some  instants,  when  a  red  image  will 
appear ;  a  second  green  image  succeeds  it,  and  so  on  till  the  effect 
entirely  ceases. 

If  we  look  for  some  time  at  a  colored  object  on  a  white  ground, 
we  shall  finally  observe  the  object  surrounded  by  a  fringe,  whose 
cqLgt  is  complementary  to  that  of  the  body;  thus,  if  a  red  wafer  bd 
placed  upon  a  sheet  of  white  paper,  the  fringe  will  be  green.  Such 
fringes  are  called  auidentaL 

Many  phenomena  are  explained  by  the  principle  of  accidental 
images. 

Shadows  cast  upon  a  wall  by  the  rising  or  setting  sun,  are  tinged 
green,  the  tint  of  the  sun  being  red  at  that  time. 

If  we  examine  several  pieces  of  cloth  of  the  same  color,  the  eye 
becomes  wearied,  and  in  consequence  of  the  accidental  comple- 
mentary color  being  formed,  the  last  pieces  examined  appear  of  a 
different  shade  from  those  first  viewed. 

When  colored  figures  are  stamped  on  a  colored  ground,  the  tint  of 
the  figures  is  changed  by  the  accidental  or  complementary  ooVr  of 
the  ground.  « 

When  figures  are  stamped  on  a  ground  whose  color  is  oompls* 
mentary  to  tlAt  of  the  figures,  they  render  each  other  more  brillianL 
When  the  dgures  are  of  the  same  color  as  the  ground^  but  of  a  difiSMreat 
shade,  the  colors  render  each  other  less  brilliant. 

These  facts  have  an  application  in  the  selection  of  colors  used  in 
calico  printing,  stamping  woolen  goods,  wall  papers,  in  carpet 
weaving,  and  in  a  great  multitude  of  the  arts. 

For  further  details  on  the  law  of  contrasts  and  combinations  of 
colors,  the  reader  is  referred  to  a  work  entitled,  "  Contrast  of  Color s^^^ 
by  M.  Ghbvueuil,  director  of  the  manufactory  of  Gobelin  tapestry 
near  Paris.  i 


Eoeplain  the  imagsH  of  the  tun,  Wh/y  are  thadofM  at  eunaei  tinged  green  f 
plain  the  ^eet  of  looking  at  diff&rwb  colored  clothe.  What  ie  the  ^eet  ofeiamjh 
ing  colore  on  eon^Umemiarygnmndet  On  different  ehadet  <if  the  eame  edort 
AppUcaUcne, 
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Tlw  Ralnboir. 

S18  The  Rainbow  is  a  brilliantly  colored  arc  seen 
after  a  shower  opposite  the  sun 

The  uoloFB  being  disposed  in  the  same  order  aa  in  the 
Bohtr  spectrum,  it  indicates  that  the  rainbow  is  due  to  re- 
tVnction  Such  is  rfiowa  to  be  the  case  Fig  209  mdi 
catea  the  course  of  the  rays  in  the  formaUon  of  a  rainbow 
The  rays  of  hght  coming  from  the  sun  S  tail  upon  the 
siAerical  ram  drojis  enter  them,  undergoing  refraction  are 


Fig.  £09. 


internally  reflected,  and  then  emei^e,  undei^oing  a  aeoosd 
refraction.  The  result  ia  that  the  emergent  light  is  resolved 
into  the  seven  prismatic  colors,  which,  reaching  the  eye  from 
different  drops,  give  lise  to  the  colors  that  are  observed. 

The  ray  which  enters  the  drop,  a,  for  example,  after 
emergence  sends  to  the  eye  a  red  ray,  whilst  that  which 
enters  the  di-op  c,  sends  to  the  eye  a  violet-colored  ray ; 


•wt    Towhml  K  tk«  bow< 


)   KiptolB  tfe*  oontM  <f 
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intermediate  drops  send  intermediate  colors.    Each  drop 
sends  a  different  color  to  the  eye. 

Analysis  shows  that  it  is  only  at  certain  angles  that  the  refracted 
rays  emerge  with  sufficient  intensity  to  affect  the  eye  with  colors. 
Hence  it  is,  that  the  colored  drops  are  arranged  symmetrically  ahout 
a  line  drawn  through  the  sun  and  the  eye  of  the  observer.  The 
centre  of  the  bow  is  in  this  line ;  hence,  as  the  sun  declines  towards 
the  horizon,  the  bow  rises,  and  at  sunset  it  becomes  a  semicircle. 
In  looking  down  into  spray  with  the  back  turned  towards  the  sun, 
a  complete  circular  bow  may  be  seen. 

The  bow  that  we  have  described  is  called  the  primary 
bow,  and  the  colors  in  it  are  arranged  in  the  order  of  the 
prismatic  colors,  the  red  being  on  the  outside. 

Another  bow  is  generally  seen,  concentric  with  the  primary 
bow^  which  is  called  the  secondary  bow.  This  bow  is  formed 
by  light  which  enters  the  drops  being  refracted,  is  then 
twice  internally  reflected,  and  then  emerges,  being  again 
refracted.  The  result  of  this  deviation  is  a  bow  similar  to 
the  first,  but  having  its  colors  arranged  in  a  reverse  order, 
the'  red  being  on  the  inside. 

The  inversion  of  colors  arises  from  the  additional  reflection  that 
the  light  experiences.  It  is  observed  that  the  colors  of  the  secqndary 
bow  are  not  so  brilliant  as  in  the  primary,  which  is  due  to  the  loss 
of  a  portion  of  light,  which  passes  out  of  the  drop  at  each  incidence* 

From  the  nature  of  the  rainbow,  and  the  principle  of  its  formation' 
it  is  plain  that  every  observer  sees  a  different  bow.  r 

Chromatic  Aberration. 

314.  The  light  which  falls  on  a  lens  is  decomposed  into 
colored  rays  of  different  degrees  of  refi-angibihty.    These 

How  is  the  d(yu>  formed  ?  Where  is  its  centre  7  Why  does^  the  doto  enlarge  ae 
the  «im  declines  T  How  may  a  comply  circular  tow  te  seen  f  What  is  a  primaiy 
bow?  A  secondary  bow  ?  How  is  it  formed  ?  Why  are  the  colore  in  the  tecondary 
bow  retfersed  in  order  f  How  do  the  cdora  in  the  two  tows  compare  in  triUianey  t 
Doee  each  obterver  eee  the  tame  bowt  Why  nett  (814.)  What  ii  ehromaUo 
aberration  ? 

14* 
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Ays  are  brought  to  different  foci  along  tho  aiia,  giving  ™ 
to  a  multitude  of  partial  im^es  of  different  colors,  whicli 
by  auperpoaition  produce  a  mngle  image  slightly  indistinct, 
and  fringed  with  all  the  colors  of  tho  spectram.  This  scat- 
tering of  the  colored  rays  to  different  fod,  is  called  chro- 
malic  aberration. 

Fig.  210  shows  the  phenomenon  of  chromatic  aberratioa 
The  red  rays  being 
less  deviated  thnn  tho 
others,  arc  brought 
to  &  focus  beyond 
them  at  r,  whilst  the 
violet    rays    being 

more  refrangible  --»— • 

than  the  others,  are  bronght  to  a  focus  within  them  st  ti 
Between  t;  and  r,  the  intermediate  colors  are  also  bron^t 
to  fod. 

ActuomatlG  CombinatioiiB. 

813.  An  AcnKOMATic  CoMr.iNATiox  consists  of  two  or 
more  lenses  of  different  kinds  of  glass,  so  constrncted  as  to 
neutralize  (lie  effect  of  dispci-sion. 

The  combination  usually  consists  of  two  lenses  i  coTni-Y 
lens  made  of  crown-glass,  and  a  concave  lens 
made  of  flint-gl;iss,  as  shown  in  Fig.  211. 
Flint-glass  disperses  light  more  than  crown 
glass.  Tho  conibinntion,  having  its  thickest 
part  at  the  middle,  is  convergent.  The  dis- 
persion of  tho  rays  by  one  of  the  lenses  is 
exactly  neutralized  by  .a  dispersion  of  them  in 
an  opposite  way,  so  that  the  image  is  nearly 
colorless.  Frg.!iL 

Such  combinations  of  lenses  are  called  achro- 
matic, and  are  the  ones  used  in  the  construction  of  telescops. 

niiutnt*.  (Slfi.)  Whstlnin  AcbromstleCoinblniitlaiir  Illiutnta.  Whitluw 
Wl  BBilly  somblmid  ;    Ejiplnln  thctc  letion. 
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T. — TITEORT     AND     CONSTRUCTION     OF     OPTICAL     INSTRUKENTB. 

Optical  InBtruments. 

316.  The  properties  of  mirrors  and  lenses  have  led  to 
the  construction  of  a  great  variety  of  instruments,  which  by 
increadng  the  limits  of  vision,  have  opened  to  our  senses 
two  new  worlds,  that  had  else  remained  unknown  to  us,  the 
one  on  account  of  its  minuteness,  and  the  other  on  account 
of  its  immensity. 

.  Of  the  optical  instruments,  the  most  useful  and  interesting 
are  microscopes,  so  called  because  used  to  investigate  minute 
objects,  and  telescopes,  so  called  because  they  are  employed 
to  examine  distant  objects. 

Besides  these  a  great  variety  of  other  instruments  have 
been  devised,  such  as  the  magic  lantern,  the  pJiantastna- 
goria,  the  solar  microscope,  the  camera  obscura,  and  the 
stereoscope. 

Telescopes. 

317.  A  Telescope  is  an  optical  instrument  for  viewing 
objects  at  a  distance. 

Telescopes  may  be  divided  into  two  classes,  refracting 
telescopes,  and  reflecting  telescopes. 

In  the  first  class  a  lens,  called  the  ohject-lens,  is  employed 
to  form  an  image ;  in  the  second  class  a  mirror  or  speculum 
is  employed  for  the  same  purpose;  in  both  the  image 
formed  is  viewed  by  a  lens,  or  combination  of  lenses,  called 
the  eye-piece.  The  manner  of  arranging  these  component 
parts,  together  with  the  nature  of  the  auxiliary  pieces  em- 
ployed, determines  the  particular  kind  of  telescope. 


(816>  What  are  some  of  the  most  nseftd  optical  instniniente?  Mention  soma 
other  instnimente.  (  3 1 7.>  What  is  a  Telescope  ?  How  many  classes  of  telesoopes 
are  there?  What  is  the  d^erence  between  the  two  classes?  What  detenniiieft  fh* 
kind  of  telescope? 


324 


POFUIAB    PHYSICS, 


*  A  great  variety  of  devioea  have  been  employed  to  obviate  the 
defects  of  spherioal  and  chromatic  aberration,  and  at  the  same  time 
to  obtain  a  sufficiency  of  illumination  to  render  vision  distinct. 
Hence  the  variety  of  telescopes  is  very  great.  Only  a  few  of  the 
most  important  will  be  described  in  these  pages. 

Tb»  Qalilean  Teleaoope. 

818.  The  Galilean  Telescope,  named  from  its  Slustdr 
ous  discoverer,  Galileo,  consists  essentially  of  a  convex  object- 
glass^t  which  collects  the  rays  from  an  object,  and  a  concame 
eye-piece^  by  means  of  which  the  rays  from  each  point  of 
the  object  are  rendered  parallel,  and  capable  of  producing 
distinct  vision. 

Fig.  212  shows  the  course  of  the  rays  in  the  Galilean 
telescope.  Pencils  of  rays  from  points  of  the  object,  AB, 
billing  upon  the  object  lens,  O,  are  converged  by  it,  and  tend 
to  form  an  image  beyond  the  eye-piece,  o.  The  concave 
eye-piece  is  placed  so  as  to  intercept  the  rays  coming  from 


Fig.  212. 

the  object-glass,  being  at  a  distance  from  the  image  equal 
to  its  principal  focal  distance.  In  consequence  of  this 
arrangement,  the  pencil  of  light  coming  from  -4,  is  converged 
by  the  object-glass,  and  falling  upon  the  eye-piece,  is  di- 
verged and  refracted  so  as  to  appear  to  the  eye  to  come 
from  a.  In  like  maimer  the  pencil  from  ^,  appears  to  the 
eye  to  come  from  ft. 

Whai  are  the  special  ol^ecte  to  he  attained  in  makinff  a  teUeeope?  (818.) 
What  is  a  GaUlean  Telescope  ?  Desoribe  it.  Explain  the  course  of  the  rays  In  a 
Cklilean  telescope; 
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The  image  is  erect  and  virtnal,  and  because  the  visual  angle  under 
vhich  the  image  is  seen,  is  greater  than  that  under  which  the  object 
vould  be  seen  without  the  telescope,  it  appears  magnified. 

Opera-glasses  are  simply  Galilean  telescopes.  They  possess  the 
advantage  of  showing  objects  in  their  proper  position,  of  being  shorf 
and  portable,  and  of  being  well  illuminated. 

The  Galilean  telescope  is  not  adapted  to  astronomical  observation, 
because  the  image  formed  is  virtual ;  nevertheless  it  was  with  such 
an  instrumejit  that  Galileo  discovered  the  satellites  of  Jupiter. 

The  Astronomical  Telescope. 

819«  The  AsTBONOMicAL  Telescope  consists  essentially 
of  two  convex  lenses,  the  one,  o,  being  the  object-lens,  and 
the  other,  0,  the  eye-piece.  The  object-glass  forms  an  in- 
verted image  of  the  object,  which  is  viewed  by  the  eye- 
piece. 


Fig.  218. 

Fig.  213  represents  the  course  of  the  rays  in  this  instni- 
ment.  A  pencil  of  rays  coming  from  Ay  is  converged  by  o, 
to  a  focus  a,  whilst  a  pencil  from  B^  is  brought  to  the  focus 
b.  In  this  manner  the  lens  o,  forms  an  image,  o^,  of  an 
object,  ABy  which  image  is  real  and  inverted.  The  eye- 
piece, 0,  is  placed  at  a  distance  from  ab  equal  to  its  prin- 
cipal focal  distance.  The  pencil  coming  from  the  points, 
a  and  ^,  of  the  image,  are  refracted  so  as  to  appear  to  come 
from  the  points,  c  and  d.    The  visual  angle,  that  is,  the 


Bbv>  is  ffi^  imag^?  Cfive  an  etoampU  c(f  a  OaUUam  teUieop&.  Thtir  adwM' 
tag6$f  h  ^  GaliUan  UUtcope  adapUd  to  attronomieal  purposes  f  (819-) 
Wbftt  is  the  Astronomical  Telescope  f    Explain  the  coarse  of  the  rays  in  It. 
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angle  formed  by  the  extreme  rays  which  enter  the  eye,  ii 
greater  thaii  it  would  be  in  Tiewing  the  object  without,  tlw 
tcloacope,  aud  ooDsequeotly  the  object  appeara  to  be  magnl 
fied. 

Inlliin,  as  ill  ft]  1  otbcr  telcKCopes,  tUo  eye-piece  is  capable  of  beuf 
puiticd  ill,  or  (Irnwit  out,  U>  unable  tbe  observer  to  accoDimodite  it 
lo  near  as  well  as  digtant  objccU. 

Tbe  objcoWglass   ia    made   as   large  u   poaaible,  and   EbonU  b« 
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achromatic  (Art.  315).  The  eye-glass  is  made  quite  convex,  so  as 
to  magnify  the  image  formed  by  the  object-glass. 

Fig.  214  represents  an  astronomical  telescope  mounted  for  use. 
It  rests  upon  a  cast-iron  stand,  with  three  feet,  called  a  tripod.  The 
tripod  supports  a  yertical  axis,  capable  of  turning  around  in  its  sup- 
ports ;  the  telescope  is  attached  to  the  top  of  this  axis  by  a  hinge 
joint.  These  arrangements  enable  the  observer  to  direct  the  telescope 
to  any  point  of  the  heavens.  The  telescope  may  be  raised  or  de- 
pressed by  means  of  a  rack,  worked  by  toothed  wheels,  set  in  motion 
by  ft  erank,  as  shown  at  the  bottom  of  the  figure. 

A  Btnaller  telescope  with  a  larger  field  of  view  is  attached  to  it,  to 
aid  the  observer  in  fixing  the  instrument  on  any  object.  This  teles- 
u  called  the  seeker. 

The  Terrestrial  Telescope. 

n^  The  Tebsestbial  Telescope  differs  from  the  as- 
tivyilOinical  telescope,  in  having  two  additional  lenses,  which 
together  constitute  what  is  called  an  erecting  piece.  The 
ol{]eot  of  the  erecting  piece  is  to  invert  the  image  formed 
by*  the  dfcject-lens,  so  that  objects  may  appear  erect  when 
viewed  through  the  telescope. 


Fig.  216. 

Kg.  216  shows  the  course  of  the  rays  in  a  terrestrial 
telescope.  AH  is  the  object,  o  is  the  ohjecUleiis,  m  and  n, 
two  convex  lenses,  constitute  the  erecting  piece,  and  0  is 

the  eye-piece. 

The^  erecting  piece  is  so  placed  that  the  distance  of  the 
{mage,  J,  shall  be  at  a  distance  from  m,  equal  to  its  piin- 
<sipal  focal  distance. 

What  ia  aaid  qfthe  object^glasa  and  o/Ote  eyepiece  f*  (  320.)  In  what  respect 
does  the  Terreitrial  differ  from  the  Astronomical  Telescope  ?  What  is  the  object  of 
the  erecting  piece  ? 
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A  pencil  of  rays  from  A^  falling  upon  the  object-lens,  is 
converged  to  a  focus  at  the  lower  end.  of  the  image,  jT;  the 
pencil  proceeding  from  Z,  is  converted  into  a  beam  by  the 
lens,  m,  directed  obliquely  upwards,  which  beam  is  con- 
verged to  a  focus  at  i.  In  this  manner  an  erect  image,  i,  is 
formed,  which  is  then  viewed  by  the  eye-piece,  O.  The 
eye-piece  refracts  the  pencils  coming  from  the  image  t,  so 
as  to  make  them  appear  to  come  from  ab. 

The  angle,  under  which  ab  is  seen,  is  the  visual  angle^ 
and  being  greater  than  the  angle  under  which  A3  would 
be  seen  without  the  telescope,  the  object  is  magnified. 

The  number  of  times  which  the  visual  angle  of  the  image 
contains  the  visual  angle  of  the  object,  is  the  magnifying 
power  of  the  telescope. 

The  terrestrial  telescope  is  used  at  sea  and  on  land  for  viewing 
objects  at  a  distance.  It  may,  for  convenience,  be  mounted  in  the 
same  way  as  the  astronomical  telescope  shown  in  Fig.  214. 

Reflecting  Telescopes. 

831.  A  Reflecting  Telescope  is  one  in  which  the 
image  of  a  distant  object  is  formed  by  means  of  a  reflector 
or  speculum,  which  image  is  then  viewed  by  an  eye-piece. 
The  eye-piece  is  either  a  single  lens  or  a  combination  of 
lenses. 

One  of  the  first  telescopes  of  this  description  was  con- 
structed by  ISTewton,  and  this  is  the  only  one  of  the  kind 
which  we  shall  describe  in  detail. 

Newtonian  Telescope. 

333.  Fig.  216  shows  a  Newtonian  Telescope,  as  con- 
structed by  M.  Feoment,  of- Paris,  with  improvements  in- 
troduced by  that  distinguished  physicist. 

Describe  the  coarse  of  the  rays  in  the  terrestrial  telescope.    What  is  the  magaiiyiiig 
power?    What iathauee  o/ths Urrettriai tsUaoope T    ( 821.)  What  Is  a 
ielewsope?    (  392.)  Describe  the  Newtonian  Telescope. 
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Fig.  217  shows  the  same  telescope  in  section,  and  indi- 
cates the  course  of  the  lays  of  light 

JIf  is  a  concave  mirror  placed  at  the  bottom  of  a  long 
tnbe.  This  reflector  tends  to  form  a  small  image  of  an 
object  at  the  other  end  of  the  tube  But  before  the  rays 
reach  the  image,  they  are  intercepted  by  a  prism  of  glasfi, 
mn,  BO  arranged  that  the  rays  enter  ite  first  face  irithout 
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deviation,  and  strike  its  second  face  so  as  to  be  totally  re- 
flected, which  causes  the  image  to  be  formed  at  ah.  The 
image  thus  formed  is  viewed  by  an  eye-piece  through  the 


side  of  the  telescope.  The  eye-piece  in  this  telescope  is 
made  of  two  plano-convex  lenses,  as  shown  in  the  figure,  the 
combined  effect  of  which  is  to  cause  the  image  to  appear  in 
the  position  BA^  giving  a  great  power  to  the  telescope. 

Fig.  216  showB  the  manner  of  viewing  the  image.  It  also  showi 
a  small  seeker  attached  to  the  tube  of  the  main  instrument,  which  is. 
used  in  directing  the  telescope  to  any  required  object. 

Herschel's  Telescope. 

828»  Sm  William  Herschel,  of  London,  modified  the 
Newtonian  telescope  by  inclining  the  mirror,  J/J  so  as  to 
throw  the  image  to  one  side  of  the  tube,  where  it  could  be 
viewed  by  a  magnifying  eye-piece,  the  observer's  back  be- 
ing turned  towards  the  object. ' 

The  large  telescope  made  by  this  eminent  astronomei  was  forty 
feet  in  length,  and  the  speculum  had  a  diameter  of  a)>out  five  feet. 
It  was  with  this  gigantic  instrument  that  he  made  some  of  his  most 
brilliant  discoveries. 

Lord  Ross's  Telescope. 
824*     Lord  Ross,  of  Ireland,  has  recently  constructed  a  reflect- 

ExplainMg.  216.  (323.)  What  modifleatlon  did  Hkbsohkl  make  in  the  New- 
toTilan  telescope?  2>Meri&«  Hbbsohbl's  teHeBcopt,  (384.)  Describe  Loxd  Soai*S 
telescope. 
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■nx  telescope  atill  larger  than  Herschel's.  The  tnbe  is  SG  feet  in 
length,  and  the  dimneter  of  tbe  reSeuior  is  more  than  6  feet.  The 
■peculum  weighs  over  4  Iocs,  and  the  entire  instrument  more  than  IS 
tons.  This  telescope  is  sDpported  by  twiFvalls  of  masonry  48  feet 
'  high,  72  feet  long,  and  24  feet  distant  from  each  other.  The  in- 
■trument  is  Mud  to  have  cost  the  owner  Sf!O,0OO. 

MioroioDpes. 

335.  A  MicROscopB  is  a  modification  of  the  telescope, 
for  viewing  near  objects. 

Microscopes,  like  telescopes,  may  be  composed  of  a  Dombiaation  of 
lenies  alone,  or  they  may  be  composed  of  a  combination  of  refiectors 
aud  leases,  Re&ecting  microscopes  are  but  little  usod.  We  shall 
oaly  describe  the  refracling  microscope,  of  which  there  are  two  hinds, 
the  simple  aiid  the  compound. 

The  Slmide  Mloroaoopo. 

sail.  The  Simple  Micboscope  consists  of  a  doabje  con- 
vex lens  of  short 
focal  distance.  It 
is  usually  set  in  a 
firamc  of  metal  or 
of  hom,  and  held 
in  the  hand. 

Fig,  218  shows 
the  manner  of 
using  it.  It  is 
held  at  a  distance 
from  the  object 
to  be  viewed,  a 
little  lees  than  its 
principal  focal  dis- 
tance. Jn  this 
case,  each  pencil  of  light  felling  upon  it  will  be  deviated  i 


Fig.  lis. 


833  P0FI7IAR  mrsics.   ' 

as  to  ibrm  a  beam,  whose  axis  passes  throagb  the  point 
from  vhich  the  pencil  proceeds,  and  the  optical  centre. 

The  object  appears  of  the  same  eizc  that  it  would  if  the  eye  were 
plaoed  at  the  optical  oentre  of  the  lens.  Since  Uie  least  limit  of 
dJBtiaot  vision  is  about  eight  inches,  it  follows  that  a  single  micrO' 
■oope  whose  fooal  diaciUDe   is  one  inch,  would  magnifr  a«  object 


flin*  ft  (A*  maenifying  poatr  dtltrmintd  I 
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eight  times.    If  the  principal  length  were  only  one  quarter  of  aii 
inch,  it  would  magnify  thirty-two  times. 


P' 


The  Oompound  Z^crosoope. 


827.  The  Compound  Microscope  consists  essentially  of 
a  double  convex  lens  called  the  object-lenB^  and  a  second 
double  convex  lens  called  the  eyepiece. 

Fig.  219  represents  a  compound  microscope  and  the 
method  of  using  it.  Fig.  220  shows  the  same  instrument 
in  section,  and  makes  known 
the  course  of  the  rays.  The 
letters  correspond  to  the  same 
parts  in  both  diagrams.  f/ 

The  object  to  be  observed 
is  placed  at  a,  between  two 
plates  of  glass  upon  a  support. 
Over  this  is  a  tube,  OAo^  in 
which  are  disposed  the  two 
lenses,  the  object-lens,  o,  be- 
ing at  its  lower,  and  the  eye- 
piece, O,  at  its  upper  ex- 
tremity. The  object,  a,  be- 
ing placed  a  little  beyond  the 
principal  focus  of  the  object- 
glass,  this  lens  produces  a  real 
image,  hc^  which  is  inverted. 
The  object-glass,  O,  is  so 
placed  that  its  principal  focus 
is  a  little  beyond  the  image, 
he.  This  lens  then  acts  as  a 
simple  microscope,  and  mag- 
nifies the  image  as  though  it 
Were  at  i?  (7.  Fig.  220. 


(327.)  What  is  a  Compound  Microscope?    Explain  its  construction,  and  the 
method  of  using  it. 
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The  magnifying  power  depends  upon  the  object«lens.  This  power 
is  increased  by  combining  two  or  three  lenses,  as  shown  at  H  on 
the  right  of  Fig.  220.  A  second  lens  is  often  added  to  the  eye-piece, 
as  shown  in  the  Newtonian  telescope,  Fig.  217,  for  the  purpose  of 
remedying  the  defect  arising  from  spherical  aberration.  Moreover, 
all  of  the  lenses  are  made  achromatic. 

Microscopes  of  this  kind  are  constrncted  whose  magnifying  power 
is  1800;  but  what  is  gained  in  power  is  often  lost  in  distinctness.  A 
good  magnifying  power  is  600  in  length  and  breadth,  which  gives 
860,000  in  surface. 

The  object,  when  transparent,  is  illuminated  by  a  mirror,'  if, 
which  concentrates  the  light  upon  it.  When'  the  object  is  opaque,  it 
is  illuminated  by  a  lens,  L,  which  concentrates  the  rays  upon  it. 

The  microscope  is  used  in  the  study  of  botany  to  discover  the  lain-s 
6{  the  vegetable  world  ;  in  entomology  to  study  the  habits  of  minute 
insects ;  in  anatomy  and  medicine  to  study  the  laws  of  animal  physi- 
ology ;  in  the  arts,  to  discover  the  composition  of  mixtures ;  in  eom- 
merce  to  detect  the  nature  of  stuffs,  and  so  on.  Its  use  is  almost 
universal,  either  as  an  instrument  of  research  or  of  curiosity. 

The  Magic  Lantern. 

898«  The  Magic  Lantern  is  an  apparatus  for  forming 
upon  a  screen  enlarged  images  of  objects  pidnted  on  glass. 
It  was  invented  about  two  hundred  years  ago,  by  Father 
KmcHEB,  a  German  Jesuit. 

Fig.  221  represents  a  magic  lantern  in  use,  whilst  a  sec- 
tion of  the  same  instrument  is  shown  in  Fig.  222. 

It  is  composed  of  a  box,  in  which  a  lamp  is  placed  before 
a  reflector,  M;  the  light  is  reflected  upon  a  lens,  X,  and  is 
converged  so  as  to  illuminate  strongly  the  plate  of  glass,  o^, 
upon  which  the  picture  is  painted.  Finally,  a  combination 
of  two  lenses,  w?,  acting  as  a  single  convex  lens,  is  placed  so 

UponioAat'doastbe  magnifyinQ  power  depend?  Whyi*  a  »eeond  lent  added 
to  the  eye-pi€ct  t  Roto  great  may  the  magnifying  power  be  made  7  Row  ie  tAe 
object  illuminated  f  What  are  eome  o/the  imes  of  the  mieroaeope  f  (  328*)  What 
Is  a  Maarie  Lantern  ?  By  whom  Invented  f  Describe  tiie  eonstraction  and  method  of 
using  the  magle  lantern. 
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that  the  plate,  ab,  shall  be  a  little  beyond  its  pvincipul  focus. 
At  thia  distance  the  lenses  produce  (as  shown  in  Fig.  196) 
SL  magnltied  and  inverted  image  of  tho  picture  piunted  on 
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the  glass.    The  picture  on  the  glass  should  be  inverted,  la 
order  that  its  image  may  appear  erect. 

The  image  on  the  Ecreen  will  be  the  more  magnified,  as  the  plate, 
aby  approaches  the  principal  focus  of  the  compound  lens  m.  It  will 
also  be  the  more  magnified  as  the  compound  lens  increases  in  power. 

The  Phantasmagoria. 

3d9.  The  Phantasmagoria  differs  from  the  magic  lan- 
tern only  in  having  an  arrangement  by  which  the  size  of  tlie 
image  on  the  screen  may  be  increased  or  diminished  at 
pleasure. 

This  modification  will  be  understood  from  an  inspection 
of  Fig.  222,  which  represents  the  magic  lantern.  In  it  the 
lenses,  m,  being  always  at  a  fixed  distance  from  the  picture, 
ab,  the  image,  AJB^  will  always  be  at  a  fixed  distance  from 
the  instrument,  and  of  the  same  size. 

If  we  suppose  the  lenses,  m,  to  approach  the  glass,  aby  the 
image,  ,^4  J5,  will  recede  and  become  larger.  We  see  then 
that  the  effect  sought  requires  two  motions:  one  whiclr 
causes  the  lens,  m,  to  approach  the  glass,  ad,  and  a  second 
which  causes  the  whole  apparatus  to  recede  from  the  screea 
A  By  so  that  the  image  may  always  fall  upon  it. 

To  effect  this  double  motion,  the  tube  which  contains  the 
lenses  is  arranged  to  slide  out  and  in,  whilst  the  whole 
apparatus  is  moimted  on  wheels,  covered  with  cloth  so  as 
to  prevent  sound  in  moving  it. 

Fig.  223  shows  an  apparatus  arranged  in  this  manner,  which  is 
composed  of  two  magic  lanterns  united  in  one.  For  the  present  let 
us  take  note  only  of  the  nearest  lantern.  To  exhibit  the  effects  of 
the  phantasmagoria,  a  screen  of  white  muslin  is  stretched  between 
the  instrument  and  the  spectators,  and  the  exhibitor,  by  placing  the 
lens  at  some  distance  from  the  picture,  forms  a  small  image  on 
the  screen,  which  is  seen  through  the  muslin  by  the  spectators,  who 


(  32&)  HoTT  does  the  Phantasmagoria  differ  from  the  Magio  Lantern  f  Explain 
the  modification  in  detail.  Explain  the  action  ol  the  phantasmagoria.  EoapuHm 
rtg.  228. 


OPl'iCAi.    l-^IJI■l;l:lIE^-l■^ 
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are  in  profound  darkness.  The  exhibitor  now  pushes  in  the  lens 
M'ith  one  hand,  whilst  with  the  other  he  draws  back  the  apparatus, 
causing  the  image  to  enlarge  upon-the  screen.  The  gradual  enlarge- 
ment of  the  image  causes  the  spectators,  -who  have  no  means  of 
judging  of  its  exact  location,  to  suppose  that  the  image  is  approach- 
ing them. 

It  has  been  suggested  that  a  similar  effect,  produced  by  a  combi- 
nation of  mirrors,  was  used  in  ancient  times  for  the  purpose  of 
frightening  those  who  were  initiated  into  the  mysteries  of  Isis  and 
Ceres,  by  causing  images  of  the  dead  to  appear  w^hen  invoked. 

^  The  TolyramsL  and  Dissolving  Views.  ^/^ 

830.  The  Polybama  consists  of  a  double  magic  lantern, 
fis  shown  in  Fig.  223.  The  Dissolving  Views  are  obtained 
l>y  using  both  lanterns.  Thus,  if  a  picture  of  a  daylight 
Kcene  be  painted  upon  one  of  the  slides,  and  of  the  same 
scene  by  moonlight  be  painted  on  the  other,  the  first  picture 
is  thrown  upon  the  screen  strongly  illuminated,  the  other 
one  being  entirely  excluded  by  a  screen  which  covers  the 
second  lens.  By  an  arrangement  operated  by  the  exhibitor, 
the  light  is  gradually  cut  off  from  the  first  picture  and  ad- 
mitted upon  the  second,  the  first  fading  away  insensibly, 
whilst  the  second  as  insensibly  grows  brighter.  In  this  way 
all  of  the  effects  intermediate  between  full  daylight  and  full 
moonlight  may  be  obtained  in  succession. 

I 

In  this  way  a  volcano,  calm,  and  only  surmounted  by  a  light  r'.oud 
of  smoke,  may  be  followed  by  a  picture  of  the  same  volcano  sending 
forth  volumes  of  flame  and  smoke.  A  storm  may  be  made  to  succeed 
a  smiling  landscape,  and  so  on ;  the  illusion  is  complete. 

The  Fhoto-Slectrio  Microscope. 

331.  The  Photo-Electric  Microscope  is  constructed 
on  the  same  optical  principles  as  the  magic  lantern,  except 


( 830.)  What  is  the  Polyrama?    Explain  the  method  of  pTodnelng  the  DiaeolTiiig 
Views.    lUustraU.    (331.)  What  is  the  Photo-Electrio  Microscope  f 
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that  the  light  employed  is  obtained  by  passing  an  electric 
cun'ent  between  two  charcoal  points.  The  pictures  on  the 
shades  are  also  made  smaller  thaii  in  the  magic  lantern, 
which  requires  a  greater  ill  urn  i  nation. 


Fig.  224  represents  in   detail  the  aiTangement  of  tbia 

■  instrument.     At  the  foot  of  the  apparatus  is  a  battery  for 

generating  electiicity,  which  will  be  described  hereafter. 

The  electricity  is  conveyed  to  the  charcoal  points  in  the 

box,  B,  by  means  of  two  copper  wires,  one  going  to  the 
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upper,  and  the  other  to  the  lower  point.  The  points  being 
slightly  separated,  the  circuit  is  completed  only  by  the 
electiicity  passing  across  the  interval,  which-  gives  rise  to  a 
light  of  extreme  brilliancy. 

In  the  figure,  /  represents  a  parabolic  reflector  for.  con- 
centrating the  light  upon  the  slide,  JC^  through  a  lens,  (7. 
2>  is  a  lens  which  foims  a  magnified  image  of  the  minute 
object  on  a  screen.  The  tube  in  which  the  lens,  D^  is 
placed,  may  be  drawn  out  or  pushed  in  to  vary  the  magni- 
fying power  of  the  apparatus. 

The  magnifying  power  of  this  instrunient  may  be  made  extremely 
great,  and  by  suitable  management  it  serves  to  show  to  a  large  com- 
pany the  wonders  of  the  Tnicroscopio  world. 

One  of  the  most  remarkable  experiments  made  with  it,  is  to  show 
the  circulation  of  the  blood.  Instead  of  a  picture  on  the  slide,  let 
the  tail  of  a  tadpole  be  placed  between  two  plates  of  glass  and  in- 
troduced. There  will  appear  upon  the  screen  what  seems  an  illumi- 
nated map,  all  of  whose  streams  flow  with  a  rapid  current.  It  is 
but  the  blood  circulating  with  great  velocity  through  the  arteries 

and  veins. 

The  phenomena  of  crystallization  are  exceedingly  beautiful  when 
seen  by  this  microscope.  If  a  drop  of  a  solution  of  sal  ammoniac, 
for  example,  be  poured  upon  a  plate  of  glass,  and  then  introduced 
into  the  instrument,  the  heat  will  cause  the  water  to  evaporate,  pro- 
ducing one  of  the  most  beautiful  examples  of  crystallization  that  can 
be  exhibited. 

The  minute  animalculae  of  solutions  and  stagnant  water  can  oe 
shown  by  this  niicroscope. 

When  the  light  of  the  sun  is  used  instead  of  the  electric  light,  the 
apparatus  is  called  the  solar  microscope. 

The  Diorama. 

332.  The  Diorama  consists  of  two  pictures,  one  on  each 
side  of  a  transparent  muslin  screen,  these  pictures,  as  in 


How  Is  the  magnifying  power  varied?  What  ar«  its  advantaffeaf  JBbtoi^  the 
eirctUaiion  of  the  blood  ehownt  The  phenomena  of  cryetaUiaationf  Animal- 
culcb  t    What  U  a  solar  miaroscope  t    (  332.)  What  to  the  Diorama  ? 
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the  polynima,  being  difierent  effects  of  the  samo  scene. 
One  of  tliL'se  pictures  is  seen  directly,  and  the  other  by 
traDsmitted  light,  and  the  illuaion  arises  irom  the  light  being 


managed  so  as  to  produce  either  of  these  effects  tit  ple.isnre. 
l"ig.  225  explains  the  manner  of  exhibiting  this  kind  of 

FroiD  wliit  doH  ibt  lllniloii  urlw  t 
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pictare.  The  two  views  are  painted  on  opposite  sides  of  a 
vertical  screen.  The  first  effect  is  painted  upon  the  front 
of  the  screen,  and  is  seen  by  light  that  enters  a  window,  M^ 
and  falling  upon  a  movable  mirror,  E^  is  throAvn  so  as  to 
illominate  the  front  of  the  screen.  The  room  behind  the 
screen  being  dark,  no  part  of  the  pictm-e  on  the  other  side 
of  the  screen  is  seen. 

I^  now,  the  mirror  E^  be  lowered  gently,  the  shutters, 
NN^  being  at  the  same  time  slowly  opened,  the  picture  on 
the  front  of  the  screen  will  fade  away,  to  be  replaced  by  that 
on  the  other  side,  now  seen  by  transmitted  light.  When 
the  mirror  is  let  completely  down,  and  the  shutters,  iO/i  are 
completely  opened,  the  only  effect  that  will  be  seen  will  be 
that  from  behind. 

The  diorama  was  invented  and  perfected  by  Daguerre,  the 
celebrated  discoverer  of  the  daguerreotype.  Many  of  his  pictures 
of  this  kind  had  a  high  reputation,  among  which  may  be  mentioned 
his  Midnight  Mass^  and  his  Valley  of  Goldeau. 

The  Camera  Obscura. 

333.  The  Camera  Obscuba  is  an  instrument  used  for 
forming  a  clear  picture  of  objects  upon  a  screen  of  ground 
glass  or  paper. 

It  consists.  Fig.  226,  of  a  closed  box  mounted  on  a  stand, 
having  a  small  hole  on  one  side  and  a  screen  for  receiving 
the  image  on  the  opposite  side.  The  liole  may  be  of  any 
dimensions,  if  a  concave  lens  be  placed  in  it  capable  of  filling 
it,  and  of  such  power  as  to  bring  the  rays  to  a  focus  on  the 
opposite  screen. 

Fig.  226  shows  how  the  image  is  foiined  in  the  camera 
obscura.  The  pencil  of  rays  coming  from  the  soldier's  cap 
goes  to  form  an  image  at  the  bottom  of  the  box,  whilst  that 
coming  from  his  feet  goes  to  form  an  image  at  the  top  of 


Explain  the  method  of  ^xhibltinw.     Who  invented  tM  diorama  t    (383.)  What 
l8  the  Camera  Obscura  ?    Describe  it.    Explain  the  course  of  the  ray». 
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the  screen,  Tlie  image  is  inverted  and  reversed  In  a  hori- 
zontal direction,  but  in  every  other  respect,  including  color, 
it  is  a  perfect  representation  of  the  object  pictured. 

Tho  camera  ob^cura  affords  aid  in  Eketching  the  outlines  of  a 
laudBcape  or  building,  but  its  principal  importance  at  present  eondsts 
in  its  application  to  the  various  branches  of  Photography.  It  may 
Also  be  used  as  a  source  of  amusement. 

The  images  formed  by  a  camera  obscura  possess  the  remarkable 
peculiarity  of  being  entirely  independent  of  the  shape  of  the  opening 
in  the  box,  provided  it  be  quite  small.  The  shape  of  the  images  Is 
the  same,  whether  the  openiug  be  square,  round,  trieugular,  or  ob- 
long.' 

To  show  this,  let  us  consider  the  case  of  a  beam  of  solar  light 
entering  a  dark  room  through  a  hole  in  a  shutter.  Fig.  227.  With 
respect  io  the  sun,  (ho  hole  in  the  shutter  is  but  a  point,  hence  the 
GTODp  of  rays  which  enter  it  form  in  reality  a  cone  whose  base  is  llic 
sun.     The  prolongation  of  theee  rays  into  the  room  makes  up  another 

h  property  do  Vn  imaj^et  pot' 
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cone  eimilu  in  shupe  to  tbe  first,  and  if  this  cone  be  iutsrcepted  by 
a  Bcreen  perpendicular  to  the  line  joining  tbe  hole  with  tbe  centre  ol' 
the  sun,  the  image  formed  will  be  a  circle.  If  the  rays  are  inter- 
cepted by  au  oblique  plane,  as  in  tho  figure,  the  imnge  is  elliptical, 
but  It  never  takes  Ilia  form  of  the  hole  wlien  that  is  gmall. 

Id  accordance  with  this  principle;  wc  find  the  illuminated  polchcB 
of  earth  formed  by  light  passing  bct«-ccu  the  leaves  in  a  forest  of  a 
circular  or  elliptical  shape.  This  is  illustrated  in  Fig.  22S.  In  an 
eclipse  of  the  ^uii,  when  the  visible  portiou  of  llic  euu  is  of  crescent 
obape,  the  patches  of  light  all  assume  the  crcscont  form  ;  that  is, 
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ihey  are  images  of  the  visible  part  of  the  eod.     The  reaaon  of  this 
oahoui  phsnomeuon  is  evident. 

Ilffniii.ni-  of  rendering  the  Inutge  eieot. 

334.  The  maimer  of  producmg  erect  im^es  of  ertemal 
objects  in  a  camtra  obacura,  or  dark  room,  is  shown  in 
Fig.  229.  A  little  above  the  hole  a  plane  mirror  is  so  placed 
38  to  reflect  the  rays  which  enter  it  upon  a  convex  lens 
fixed  at  the  extremity  of  a  tube.  This  reflection  inverts  the 
beam  of  light  and  makes  the  image  erect,  which  may  then 
be  thrown  upon  a  suitable  screen  for  ohseiTation. 

Such  images  are  perfect  representations  of  the  external  objects 
which  they  represent,  being  parfBClly  faithful,  not  only  in  form  and 
color,  but  in  molion  also.  When  images  of  street  scones,  with  all 
their  life  and  moiiop,  are  thua  formed,  they  are  ver>-  sirikins  as  well 
as  interesting. 
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The  Portable  Camera  for  Artists. 

S3 5.  For  taking  views,  the  camera  obscura  should  be 
light  and  portable.  The  best  form  is  that  shown  in  Fig.  230. 
It  consists  of  a  sort  of  portable  tent  of  black  cloth,  within 
-which  is  a  table  for  receiving  the  image,  and  at  the  top  of 
which  is  a  tube  bearing  a  prismatic  lens,  that  produces  the 
combined  effect  of  the  min'or  and  lens,  as  shown  in  Fig.  229. 
The  figui»e  projected  upon  the  table  may  be  traced  out  with 
a  pencil  on  a  sheet  of  white  paper. 


Fig.  281. 

Fig.  231  shows  the  course  of  the  rays  in  forming  the 
image.  ,The  rays  coming  from  the  object,  AJB^  fall  upon 
the  convex  face  of  the  lens  and  are  converged,  and  in  this 
state  they  reach  the  plane  surface,  m,  which  is  inclined  to 
the  horizon.  Being  totally  reflected  from  the  surface,  m, 
they  emerge  through  the  slightly  concave  surface  below, 
and  go  to  form  an  image,  a5,  on  the  table,  P,  A  sheet  of 
paper  is  spread  on  P,  to  receive  the  image,  and  on  it  the 
outlines  may  be  traced.    ^6^ 

The  Daguerreotype. 

8S0.  One  of  the  most  important  applications  of  the 
camera  obscura,  is  in  forming  pictures  upon  plates  of  pre- 

( 885.)  Explain  the  constrnctton  of  the^Portable  Camera  for  Arttsta.    Explain  fh« 
eoarae  of  the  rays.    (  836.)  What  is  the  moat  important  application  of  the  eamara  ? 
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pared  metal  or  paper,  hj  the  actinic  or  chemical  action  of 
the  light. 

The  discovery  of  the  daguerreotyping  process,  like  many  other 
discoveries  of  magnitude,  was  preceded  by  many  partially  successful 
efforts.  One  of  the  most  important  of  them  was,  perhaps,  that  of 
Talbot,  who  succeeded  in  fixing  images  on  prepared  paper  by  means 
of  solar  light.  The  main  discovery  is,  however,  due  to  M.  Da- 
GUERRE,  who  in  1839  announced  that  he  could,  by  a  process  occu- 
pying but  a  few  minutes,  fix  the  image  of  a  camera  upon  a  metallic 
plate. 

During  the  twenty  years  that  have  elapsed,  improvements  have 
followed  each  other  in  rapid  succession,  until  the  process  of  daguerre^ 
otyping  in  all  its  various  branches,  gives  remunerative  employment 
to  thousands.  It  is  not  only  one  of  the  most  interesting  discoveries 
of  modem  times,  but  bids  fair  to  become  of  immense  utility. 

Prooeui  of  Dagaerre. 

837*  The  process  of  Daguerre  begins  by  receiving  the  image  of 
the  camera  upon  a  proper  plate,  covered' with  a  thin  layer  of  silver, 
whose  surface  has  been  carefully  polished  and  rendered  sensitive  to 
light.  The  polished  plate  is  rendered  sensitive  by  means  of  iodiue. 
Iodine  is  solid  at  ordinary  temperatures,  but  is  easily  converted  into 
vapor  by  a  slight  degree  of  heat.  The  plate  is  held  over  the  vapor 
of  iodine  for  about  two  minutes,  during  which  time  a  thin  layer  of 
the  silver  unites  with  the  iodine,  forming  a  coating  of  iodide  of  silver^ 
which  is  exceedingly  sensitive  to  light.  The  plate  thus  prepared  is 
placed  in  the  camera,  so  as  to  receive  the  image  to  be  copied,  and  is 
acted  upon  by  the  rays  forming  the  image.  The  plate  is  next 
exposed  for  a  few  minutes  to  the  vapor  of  mercury.  The  mercury 
unites  with  the  silver  where  it  has  been  acted  upon  by  the  light^ 
forming  a  white  amalgam,  giving  the  lights  of  the  picture,  whilst 
the  other  parts  remain  dark. 

This  process  was  imperfect ;  the  plates  required  ten  or  twelve 
minutes'  exposure  to  light,  in  order  to  fix  an  impression,  which 
rendered  the  method  unsuitable  for  portraits;  the  pictures  formecl 
were  indistinct  and  easily  efiaced,  and  finally,  the  reflected  light 


Olo6  a  sketch  qfthe  history  qf  the  Daguerreotype.    (  337.)  IBx^pladn  iheprvefB 


OPTICAL  nreiBtJUKHra. 


349 


ttom  the  plates  dimiiUBhed  the  diHtinotness  of  viaiDii.     All  ol   thess 
dofeola  'were  remedied  by  »  single  mttn,  M.  Fizeau 

By  using  bromine  'with  iodine  in  preparing  the  plat«B,  he  rendered 
them  BO  seiuitive,  that  from  six  to  thirty  leconds  formed  a  Buffioient 
exposure.  He  fixed  the  image*  and  prevented  eiceutve  reflection, 
by  using  chloride  of  gold  sod  hyposalphite  of  soda  with  gentle  heat. 
This  process  not  only  had  the  effects,  named,  but  it  alio  inoreaMd 
the  brightness  of  the  picture.  Since  these,  other  improvements 
have  been  made,  till  at  last  in  skillful  huids  it  has  reached  a  stale 
of  great  perfection. 


Fig.  232  represents  the  form  of  camera  nsed  in  the  process  of 
dagnerreotyping.    It  consists  of  a  rectangular  wooden  box,  to  one 
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face  of  which  is  attached  a  tube,  bearing  a  lens,  which  forms  tiie^ 
image.  The  opposite  face  of  the  box  consists  of  a  sliding  drawer, 
holding  a  plate  of  ground  glass,  upon  which  the  image  is  thrown, 
and  by  drawing  it  out,  or  sliding  it  in,  the  pii;ture  may  be  rendered 
distinct  upon  the  glass.  When  the  image  is  clearly  defined,  the 
plate  of  glass  is  removed,  and  the  prepared  silver  plate  introduced, 
and  the  process  above  described  is  performd. 

Photography. 

88§«  Photography  is  the  art  of  fixing  the  picture  of 
the  camera  upon  paper. 

We  shall  only  point  out  in  what  respect  this  art  differs  from  that 
of  daguerreotyping.  The  picture  is  first  made  on  a  plate  of  glass, 
covered  with  a  thin  coating  of  collodion,  rendered  sensitive  to  light 
by  processes  analogous  to  those  used  in  daguerreotyping.  The 
picture  obtained  has  the  lights  and  shades  reversed,  and  is  called  a 
negative. 

By  laying  this  negative  upon  prepared  paper,  the  action  of  the 
light  again  reverses  the  position  of  the  lights  and  shadows,  and  the 
picture,  after  being  fixed  by  chemical  means,  may  be  mounted  and 
treated  in  all  respects  as  an  engraving.  The  same  negative  may  be 
used  in  producing  any  number  of  positive  pictures. 

Structure  of  the  Eye. 

839.  The  Eye  is  a  collection  of  refractive  media,  by 
means  of  which  we  are  made  acquainted  with  the  external 
world  through  the  sense  of  sight. 

As  an  optical  instrument  the  eye  is  inimitably  perfect;  it  has  not 
the  faults  either  of  spherical  or  chromatic  aberration,  and  withal,  it 
possesses  the  remarkable  property  of  self-adaptation  to  great  as  well 
as  small  distances.  No  artificial  instrument  has  any  of  these  quali- 
ties in  perfection. 

The  shape  of  the  eye  is  spherical,  with  a  slight  protuber- 


~ ■■  »■■  ■  ^■■■■■1   — ^■i^M^^M^^^^^^i^^^i». 

(338.)  What  l8  Photograpbyf     ffow  elt^ea  U  d^r  fiwn  daguerreotyping t 
<S8B.)  Of  what  is.  the  Eye  composed]^    What  are  iU  opUeal  preperU^t   It» 
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ance  in  front;  the  average  diameter  of  the  hninaa  eye  is 
a  little  less  than  nine  tenths  of  an  inch.  Fig.  233  represents 
a  section  of  an  eye,  with  some  of  the  coTeringti  thrown  back 
so  as  to  show  the  position  of  the  parts. 


The  anterior  part  of  the  eye  is  limited  by  a  perfectly 
tranq>arent  membrane,  c,  called  the  cornea.  The  renmnder 
of  the  exterior  coating  is  an  opaque  white  membrane,  called 
the  sclerotic  coat.  The  cornea  is  set  in  the  sclerotic  coat, 
as  a  watch-glass  is  set  in  its  frame. 

Immediately  behind  the  cornea  is  a  transparent  fiuid, 
limpid  as  water,  called  tbe  aqueous  humor.  In  this  floats 
a  drcular  curtain,  hi,  attached  by  its  outer  edge  to  the 
sclerotic  coat,  and  having  a  small  circular  opening  at  its 
middle.  The  curtdn  is  called  the  iris,  and  the  hole  in  its 
centre  is  called  the  pupil.  The  iris  gives  color  to  the  eye, 
being  black,  blue,  gray,  tfeo. ;  it  is  muscular,  and  by  the  con- 
traction and  expansion  of  the  fibres  the  pnpil  may  be  en- 
laired  or  diminished ;  it  is  throngh  the  pnpil  that  rays  of 
light  enter  the  eye. 

Behind  the  iris  is  a  double  convex  lena,  o,  called  the 
crystaUine  lens  ;  it  is  of  the  consistence  of  gristle,  perfectly 
transparent,  more  curved  behind  tlian  in  front,  and  is  denser 
towards  its  middle  than  at  the  edges.    This  lens  serves  to 
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converge  the  rays  to  foci  behind  it.  Immediately  behind 
the  crystalline  lens  is  a  medium  ^nearly  filling  the  remainder 
of  the  cavity  of  the  eye,  called  the  vitreous  humor  /  it  is  of 
the  consistence  of  jelly,  and  perfectly  transparent,  permit- 
ting the  rays  to  pass  through  it. 

Immediately  behind  the  vitreous  humor  is  a  thin  white 
expansion  of  the  optic  nerve,  lining  nearly  all  of  the  sclerotic 
coat;  this  is  called  the  retina^  and  is  the  seat  of  vision. 
Behind  the  retina,  and  between  it  and  the  sclerotic  coat,  is 
a  fine  velvety  coating  called  the  choroid  coat^  covered  with 
a  black  pigment,  which  absorbs  the  rays  that  pass  the  retina, 
preventing  internal  reflection.  The  sensation  of  sight  is 
conveyed  to  the  brain  by  the  optic  nerve,  which  goes  to  the 
brain. 

The  MeohaniBm   of  Vision. 

840.  The  action  of  the  eye  is  similar  to  that  of  the 
camera  obscura,  except  more  perfect ;  the  pupil  corresponds 
to  the  hole  in  the  shutter,  the  crystaUine  lens  forms  the 
image,  and  the  retina  is  the  screen  on  which  the  image  fiills. 
The  image  formed  is  of  course  inverted,  as  shown  in  Fig. 
233,  but  the  mind  refers  objects  along  the  rays  which  pro-' 
duce  the  sensation  of  sight,  hence  points  appear  in  their 
proper  position ;  that  is,  we  see  objects  erect. 

Limit  of  Distinct  Vision.  —  Defects  of  Sight. 

841.  When  an  object  is  placed  very  near  the  eye,  the 
lens  has  not  sufficient  power  to  bring  the  rays  to  foci  on  the 
retina,  and  an  indistinctness  of  vision  is  the  consequence. 
The  least  distance  at  which  an  object  can  be  seen  distinctly 
is  very  different  in  different  individuals.  It  may,  on  an 
average,  be  put  down  at  six  inches.  Sometimes  this  limit 
is  not  the  same  for  both  eyes  in  the  same  individual. 

The  vitreous  hamor?  The  retina?  The  choroid  coat?  The  optic  nerve? 
(840.)  Describe  the  mechanism  of  vision.  (341.)  What  is  the  aven^  Umitof 
distinct  vision  ? 
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When  the  limit  of  distinct  vision  is  mnch  less  than  six 
inches,  the  individual  is  said  to  be  ahort^ghted ;  when  it 
id  much  greater  tha^;i  six  inches,  he  is-  said  to  be  long-' 

lighted. 

Short-sightedness  comes  from  too  great  convexity  of  the 
cornea,  or  crystalline  lens,  or  both.  The  effect  is  to  bring 
the  rays  to  foci  before  reaching  the  retina,  giving  an  indis- 
tinctness to  vision.  This  defect  is  remedied  by  using 
Bpectacles  with  concave  lenses,  which  diverge  the  rays 
before  filling  upon  the  cornea,  and  thus  enable  the  media 
of  the  eye  to  bnng  them  to  foci  upon  the  retina.  If  the 
eyes  are  unlike,  the  lenses  i^hould  be  of  different  power. 

Long-sightedness  is  a  defect  just  the  reverse  of  short- 
sightedness. It  arises  from  too  great  flatness  in  the  cornea, 
or  crystalline  lens,  so  that  rays  of  light  are  brought  to  foci 
behind  the  retina.  This  defect  is  remedied  by  using  spec- 
tacles with  convex  lenses. 

Short-sightedness  is  a  defect  of  youth,  and  is  gradually 
removed  as  the  individual  advances  in  years ;  long-sighted- 
ness is  a  defect  of  advanced  age,  and  once  commenced,  it 
gradually  increases  with  years,  probably  because  the  organs 
which  secrete  the  media  of  the  eye  become  feeble  as  life 
advances. 

The  best  form  of  convex  glasses  for  spectacles  is  the 
meniscus,  O,  Fig.  186,  and  the  best  form  of  concave  glasses 
is  the  concavo-convex,  R^  Fig.  1 87.  These  glasses  are  called 
perisco2?ic^  because  they  permit  a  wider  range  of  vision  than 
other  forms  of  lenses. 

Vision  with  two  Syei. 

343.  An  image  of  every  object  viewed  is  formed  in  each 
eye,  yet  vision  is  not  double,  but  single.    This  is  regarded 

When  ifi  a  person  short-sighted  ?  When  long-sighted  ?  What  is  the  canse  of  short- 
Bightedneas?  Ho\r  is  it  remedied ?  What  is  the  cause  of  long-sightedness?  How 
ia  it  remedied?  What  are  periaeoplc  glasses?  (342.)  How  are  we  enaJhl«d.tA 
dearlj  with  two  ey§9f 
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bj  some  as  a  matter  of  habit ;  others  refer  it  to  the  fact  that 
each  nervoas  filament  coming  from  the  brain  to  the  eye  is 
divided  into  two  parts,  one  going  to  each  eye. 

Simultaneous  vision  with  two  eyes  is  supposed  to  give  us 
the  idea  of  reliefs  or  form  of  objects,  a  view  which  receives 
confirmation  from  the  action  of  the  stereoscope. 

The  Stereoscope. 

848.  The  Stebeoscope  is  an  apparatus  employed  to  give 
to  flat  pictures  the  appearance  of  relief;  that  is,  the  appear- 
ance of  having  three  dimensions. 

It  was  invented  by  Wheatstone  and  improved  by  Brewster. 
At  the  present  day  it  is  offered  for  sale  in  a  great  variety  of  forms, 
and  constitutes  an  instructive  and  amusing  instrument. 
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When  we  look  at  an  object  with 
both  eyes,  each  eye  sees  a  slightly 
different  portion  of  it.  Thus,  if  we 
look  at  a  small  cube,  as  a  die^  for 
example,  first  with  one  eye  and 
then  with  the  other,  the  head  re- 
maining fast,  we  shall  observe  that 
the  perspective  of  the  cube  is  dif- 
ferent in  the  two  cases.  This  will 
be  the  more  apparent  the  neare  • 
the  body. 

If  the  cube  has  one  face  directly 
in  front  of  the  observer,  and  the 
right  eye  is  closed,  the  other  eye 
will  see  the  front  fece  and  also  the 
left  hand  face,  but  not  the  right ;  if, 
however,  the  left  eye  is  closed,  the  other  eye  will  see  the 
fi-ont  face  and  also  the  riglit  hand  face,  but  not  the  left. 


\ 


--*■     ■!■ 


Fig.  284. 


Whence  do  we  derire  onr  notion  of  relief  In  bodies?    (  343.)  What  is  tb«  Steroo- 
•cope  ?    By  whom  invented  t    Explain  Uie  theory  And  construction  of  the 

In  (letsil. 
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Hence  we  know  that  th^  two  images  formed  by  the  two  eyes 
are  not  abaolntely  alike.  It  is  tfaia  difference  of  images  whicti 
givea  the  idea  of  relief  in  looking  at  a  solid  body. 

D;  now,  we  suppose  two  pictures  to  bo  made  of  an  object, 
the  one  as  it  would  appear  to  the  right  eye  and  the  otlier  as 
it  would  appear  to  the  left  eye,  and  then  look  at  them  witb 
both  eyes  through  lenses  that  cause  the  pictures  to  coincide, 
the  impression  h  precisely  the  same  as  though  the  object 
itself  were  before  the  eyes.  The  illusion  is  so  complete, 
that  it  is  almost  impossible  to  believe  that  we  are  aimply 
-viewing  pictures  on 'a  flat  suriace. 

Such  IB  the  theory  of  the  sterecseope.  Fig.  234  ihowi  the  coiina 
of  the  rays  in  tfaia  instrument  en  just  defcribed.  A  repreEents  a 
picture  of  the  ol]ject  as  it  would  be  seen  by  the  right  eye  alone ;  B, 
a  picture  of  the  same  object  aa  it  would  be  seen  by  the  left  eye 
alone  ;  m  and  n  are  lenses  which  deviate  the  rays  lo  as  to  make  the 
pictures  appear  to  be  coincident  in  C. 

The  lensex,  m  and  n,  ought  to  be  perfectly  symmetrical,  and 
a  attained  tliia.  result  by  cutting  a  double  convex  leni  in 
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two,  and  plaeini  Uie  right  hand  hnlf  before  the  left  eye.  mi  Uie 
other  h&lf  before  the  right  eye.  The  pictures  mQEt  be  perfectly 
executed,  which  can  be  done  onlj'  by  means  of  tbe  d&guerrcotype  or 
pbotogTBl^ic  proeChe.  The  pictures  are  made  by  using  two  cameras 
inclined  to  each  other  in  the  proper  an^le. 

Fitf.  235  represent*  two  atereosoopio  pictures  of  Fsanelin,  taken 


«<«li*^i,l 


Siplain  Bbkwbiuk'b  fiim 
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Srom  a  statue.  We  see  the  left  hand  one  more  in  front,  the  right 
liand  one  more  in  profile.  On  placing  them  in  the  stereoscope  we  see 
a  single  image  in  relief,  as  shown  in  Fig.  236.  This  image  stands 
out  in  relief,  presenting  all  the  appearance  of  the  statue  from  which 
the  pictures  are  taken. 

The  peculiar  form  of  the  stereoscope  seen  in  Fig.  236  is  that  of 
I>UBOSCQ.  The  lenses  are  large,  and  touch  each  other,  so  that  they 
aire  adapted  to  eyes  which  are  at  any  distance  apart,  which  is  not 
the  case  in  the  instrument  shown  in  Fig.  234.  In  that  instrument 
eyes  must  he  at  a  certain  distance  apart,  which  does  not  permit 
ikme  instrument  to  be  used  by  both  children  and  adults. 

Exj/lain  DuBoscQ's/urm.    Il8  advantaget. 


CHAPTER  VII. 

MAGNETISM. 
X.  —  GENERAL      PROPERTIES      OF      HA6NET8. 

Definition  of  Magnetism. 

844.  Magnkhsm,  as  a  science,  is  that  branch  of  Physics 
wliich  treats  of  the  properties  of  magnets,  and  of  their  action 
upon  each  other. 

Magnets. 

345.  A  MAGNEr  is  a  body  which  exercises  a  particular 
power  of  attraction  upon  iron  and  a  few  other  metals. 

Magnets  are  either  natural  or  artificial. 

Natural  magnets  are  certain  ores  of  iron,  and  are  gener- 
ally known  under  the  name  of  loadstones. 

The  magnet  is  so  called  from  the  town  of  Magnesia,  in  Lydia, 
where  it  was  first  noticed  by  the  Greeks.  In  its  natural  form  it  con- 
sists of  a  mixture  of  two  oxides  of  iron,  with  a  small  proportion  of 
quartz  and  alumina.  It  is  now  found  in  considerable  quantities  in 
Sweden  and  Norway,  as  well  as  in  many  other  countries. 

The  magnet  possesses  the  remarkable  power,  when  freely 
suspended,  of  directing  itself  towards  a  particular  point  of 
the  horizon,  and  it  is  to  this  property  that  its  importance  is 

(  344.)  What  is  Magnetism  as  &  science?  What  Is  a  Magnet?  How  many  kinds 
of  magnets  are  there  ?  What  are  natnral  magnets  ?  Whtnce  Ihe  name  f  What  U 
ths  consiUution  qfa  naturtxl  magnti  T  What  remarkable  property  does  th«  magnet 
possess? 
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c&iefly  due.    It  may  be  suspended  by  a  thread,  or  by  bal- 
ancing  it  on  a  pivot.     In  practice  the  latter  method  is  the 
/one  most  usually  adopted. 

Artificial  magnets  are  bars  of  tempered  steel,  to  which 
the  property  of  the  natiG-al  magnet  has  been  imparted.  The 
artificial  magnet  is  far  more  valuable  than  the  natural 
magnet,  and  is  generally  used  in  practice.  « 

Steel  is  a  mixture  of  iron  with  a  small  quantity  of  carbon,  and 
■when  heated  and  then  plunged  into  water,  it  becomes  exceedingly 
hard,  and  capable  of  retaining  the  magnetism  that  may  be  imparted 
to  it. 

Artificial  magnets  for  experiment  are  made  of  oblong  bars,  from 
twelve  to  fifteen  inches  in  length,  as  represented  in  Figs.  245  and 
246.  They  are  sometimes  made  in  the  form  of  a  horse-shoe,  as 
shown  in  Fig.  247.  Sometimes  they  are  made  in  the  form  of  a  thin 
long  needle,  as  shown  in  Fig.  239.  This  is  the  form  in  which  they 
are  constructed  for  pointing  out  the  direction  of  the  magnetic  me- 
ridian, as  in  compasses.  In  this  form  they  are  also  used  in  many 
magnetic  expeHments. 

Magnets  may  be  made  of  soft  iron  oj;  untempered  steel,  but  they 
do  not  retain  their  magnetism  when  the  exciting  cause  is  removed. 
Such  magnets  are  called  temporary  magnets. 

Distribution  of  Force  in  Magnets. 

346«  Tlie  force  with  which  a  magnet  attracts  iron,  is 
not  the  same  in  all  of  its  parts.  The  attraction  is  strongest 
at  its  extremities,  fi'om  which  it  decreases  towards  its 
middle,  where  it  is  nothing. 

This  may  be  shown  by  plunging  one  end  of  a  magnetized  bar  into 
iron  filings  :  on  withdrawing  it,  the  filings  will  be  seen  adhering  to 
it  in  long  filaments,  as  shown  in  Fig.  237. 

If  the  entire  bar  be  rolled  in  the  filings,  it  will  be  found  that  they 
adhere  to  both  ends,  but  not  to  the  middle. 


What  is  an  artificial  magnet?  What  is  steel?  DescHbs  an  artificial  magn-ei, 
Wha^  are  temporary  magneUt  (346.)  Wbere  is  the  attraction  atrongost?  How 
9hownt 
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The  two  ends,  where  the  sttraotion  is  strongest,  are  called 
pate*,  and  the  eentnd  part,  where  the  attraction  ia  nothing, 
is  called  the  equator,  or  the  neulrai  tine. 


Fig.  MI. 


Every  magnet  has  two  poles  and  one  neutral  hue,  whether  the 
magnot  be  natural  or  artificial.  Sometimes,  besides  the  Iwn  prin- 
cipal poles,  there  are  other  minor  poles,  called  steondary  poles,  lu 
artificial  magnets  thcaa  arise  from  inequality  of  temper  in  the  ateel 
ban,  or  from  want  of  proper  care  in  ma^ietiziog  them.  We  ahall 
■uppoie  each  magnet  to  have  but  two  polea. 

The  action  of  a  magnet  upon  iron  takes  place  through  intermediate 
bodies.     If  a  magneliied  bar  be  covered  with  a  sheet  of  paper,  and 
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then  &ae  iron  Qlings  be  sirted  uniformly  over  the  paper,  they  will  bo 
seen  arcangiiig  themselves  in  regular  eurrea  around  eaeh  pole,  ai 
ehown  in  Fig.  S3B.  No  aetion  is  observed  abon^he  neutral  line, 
the  QLings  falling  there  as  on  any  other  surface. 


^^I>otheilB  of  two  Ui^^etio  Jltddi. 

84T.  If  we  compare  the  action  of  the  two  poles  upon 
Boft  iron,  we  observe  tho  same  phenomena  at  botti.  It  ia 
■  not  BO,  however,  when  wo  compare  the  action  of  two  mag- 
nets upon  each  other.  If  to  the  same  pole  of  a  magnetic 
needle,  ab,  balanced  on  a  pivot  (Fig.  239),  we  present  in 
succession  the  two  poles  of  a  magnetized  bar,  held  in  tho 
hand,  we  obaerre  the  curious  phenomena,  that  if  the  pole, 
a,  of  the  needle  is  attracted  by  the  pole,  J},  of  the  bar,  the 
pole,  b,  will  be  repelled  by  it ;  if  tlie  pole,  a,  is  repelled,  the 
pole,  b,  will  be  attracted. 

To  explain  these  phenomena,  it  has  been  euppoaed  that 
there  are  two  maffnetic  Jluids,  that  is  to  say,  two  kinds  of 


>f  ano  uugnet  upon  uotlMi  t    Wbiit  i>  th«  Oforj 
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mbtilo  matter  BaiTOtmdiDg  the  molecules  of  the  magnet, 
each  flnid  repelling  its  own  kind,  and  attractiog  the  other 
kind. 

According  to  this  hypothesis,  a  body  is  magnetized,  when 
these  fluids  are  separated  and  drirea  to  its  opposite  extrem- 
ities.   The  difference  of  the  two  poles  arises  from  the  nature 


Fig.*a». 


of  the  fluids  which  predominate  in  them ;  the  poles  vhlch 
contain  the  same  kind  of  fluid,  repe/,  those  which  contain 
opposite  kinds,  attract  each  other.  The  attraction  and  re> 
pnlsion  are  mutual. 

Another  theory  aupposea  but  one  hind  or  magnetlo  fluid,  Bnd  ex- 
plains the  phenomena  by  EUpposiag  this  to  exist  in  excess  at  oue  pot*, 
and  in  defect  at  the  opposite  pole.  Either  theory  explains  the  phe- 
nomena, but  that  of  two  fluids  is  the  moat  easil;  applied,  and  for 
that  reason,  loUly.  it  is  sdopted. 

The  earth,  as  we  shall  see  hereafier,  roKembles  a  hngo  magnet, 
acting  upon  magnetio  needles  in  the  same  way  that  magnetized  bars 
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do.  Its  magnetic  poles  are  near  the  geographic  poles  of  the  earth, 
and  the  neutral  line  coincides  very  nearly  with  the  equator.  Con- 
sequently the  fluid  which  is  supposed  to  predominate  near  the  north 
pole  of  the  earth  is  called  the  boreal  Jluid^  and  that  which  is  sup- 
posed to  predominate  near  the  south  pole  of  the  earth  is  called 
the  austral  fluid. 

Because  dissimilar  poles  attract  and  similar  ones  repel,  it  follows 
that  the  pole  of  a  balanced  magnetic  needle  which  turns  towards  the 
north  must  contain  the  austral  fluid,  whilst  the  one  which  turns 
towards  the  south  must  contain  the  boreal  fluid. 

Laws  of  Attraction  and  Repulsion. 

848.  The  following  laws  have  been  established  by 
theory  and  confirmed  by  experiment : 

1.  Magnetic  poles  of  contrary  names  attract.^  and  those 
of  the  same  name  repel  each  other. 

2.  The  forces  of  attraction  and  repulsion  both  vary  in' 
Tersely  as  the  square  of  the  distance  between  the  attracting 
and  repeUing  poles. 

Magnetic  and  Bilagnetized  Bodies. 

349.  A  Magnetic  Body  is  one  which  contains  the  two 
magnetic  fluids,  but  in  a  state  of  equilibrium,  that  is,  bal- 
ancing each  other ;  thus,  iron,  steel,  nickel,  and  cobalt,  are 
such  bodies. 

Magnetized  Bodies  also  contain  the  two  ffuids,  but  the 
difference  between  them  and  magnetic  bodies  is,  that  in  the 
former  the  two  fluids  are  separated,  each  producing  an 
opposite  effect,  whilst  in  the  latter  the  fluids  are  combined 
and  produce  no  effect.    In  a  word,  magnetic  bodies  are 


What  U  th6  horml fluid  t  The  awdral fluid  t  Which  tum»  Unoardt  fhs  north  t 
Whyf  (3480  What  is  the  first  Uw  of  mafrnetie  attraeiion  and  repulsion?  Tho 
•eoondlaw?  (  349.)  What  is  a  Magnetic  Body  ?  Examples.  What  are  Magnetised 
Bodies? 
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capable  of  being  magnetized,  but  are  not  yet  magnets ;  they 
present  neither  poles  nor  neutral  line. 

When  a  magnetic  substance  is  brought. into  contact  with 
one  of  the  poles  of  the  magnet,  as  the  boreal  pole,  for  ex- 
ample, the  latter,  acting  by  its  attraction  upon  the  austral 
fluid,  and  by  its  repulsion  upon  the  boreal  fluid,  separates 
them,  giving  rise  to  poles,  producing  a  real  magnet. 

If  a  magnetized 
bar  be  presented  to 
a  magnetic  body, 
as  an  iron  ring,  it 
converts  it  into  a 
magnet  in  the  man- 
ner just  described. 
If  a  second  ring  be 
presented    to    the 

first,  it  is  in  like  "^^  Fig.  240. 

manner   converted 

into  a  magnet,  and  so  on  for  a  third,  fourth,  &c.  The 
magnets  thus  formed  adhere  to  each  other,  as  shown  in 
Fig.  240.  If  the  bar  be  removed,  the  rings  cease  to  be 
magnets,  the  chain  falls  to  pieces,  and  the  rings  separate. 
This  mode  of  exciting  magnetic  phenomena  is  called  mag- 
netizing by  induction.  According  to  the  theory  of  two 
fluids,  it  is  in  consequence  of  this  action  that  a  magnet  is 
capable  of  attracting  magnetic  bodies.  It  first  acts  by 
induction  to  convert  them  into  magnets,  and  then  it  attracts 
them  according  to  the  laws  laid  down  in  the  last  article. 

Fig.  241  represents  a  common  child's  toy.  A  small  swan  made 
of  glass  has  a  piece  of  iron  in  its  head,  and  on  presenting  to  it  a 
magnet,  the  swan  approaches  it,  swimming  along  the  surface  of  the 
water  upon  which  it  is  placed.     The  magnet  may  be  concealed  in  a 


How  are  magnets  prodaced  f    ninstrate.    What  is  magnetie  indaction  f    EzplaiB 
it  on  th«  two  flaid  theoiy.    EoDplain  tfU  magneUe  woan. 
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piece  of  bread,  in  which  c 
upon  the  bread. 


e  the  BWtu  eeems  desinus  of  feeding 


The  Ooerclve  Force. 

830>  The  force,  required  to  separate  the  two  fluids  in  a 
m^netic  body  is  called  the  Coercive  Fokck. 

The  fluids  are  not  separable  with  equal  ease  in  all  bodies. 
In  Home,  as,  for  example,  in  soft  iron,  they  yield  easily  and 
separate  at  once  ;  in  others,  as  in  hardened  steel,  for  exam* 
pie,  the  fluids  yield  with  difficulty,  and  a  powerful  magnet 
is  required  to  effect  the  separation,  and  it  is  effected  only 
tifter  a  greater  or  shorter  length  of  time.  The  harder  and 
better  tempered  the  steel,  the  more  difficult  it  becomes  to 
separate  the  two  fluids. 


(  3S0.)  Wlut  la  Ih*  Coenin  Fori 
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Id  toft  irtn  tb«  OMtoive  loroa  raqoired  to  separate  the  Daida  u 
very  sniall,  in  hudoaad  bImI  it  ii  vary  great.  Sofl  iron  bronght  in 
contact  'with  a  bar  magnrt  beoomei  a  magnet  instantly,  and  on 
being  reroored  ratnins  to  iU  neutral  condition,  ceaiing  to  be  a  mag- 
net. With  hardened  Bteel  the  reverse  is  the  case  ;  it  takes  oon- 
tiderable  force  and  aome  time  to  render  it  a  magnet,  and  on  being 
removed  from  the  bar  it  continusa  lo  be  a  magnet.  The  force  which 
resisted  the  separation  of  the  fluids  in  the  first  iuatauoe,  now  acts  to 
prevent  their  reunion,  so  that  the  steel  magnet  retains  its  magnetism 
for  a  long  time. 


]3ireotiTe  Ftaoe  of  Magnet*- 

SSI.  When  a  permanent  magnet  is  balanced  80  that  it 
can  turn  freely  in  a  horizontal  direction,  it  awiunes,  after  a 
few  oBcillatioDS,  a  deteiininate  direction,  which  is  very  DAarly 
north  and  south. 

Pig.  242  shows  the  man- 
ner of  balancuig  a  needle, 
and  indicates  the  north  and 
BOQth  direction  which  it  as- 
sumes. In  this  liguFc,  as  in 
all  others  illustratmg  the 
subject  of  magnetism,  the 
pole  which  contains  the  aus- 
tral fluid  is  designated  by 
the  letter  A,  whilst  that 
■which  contains  the  boreal 
fluid  is  deugnated  by  the 
letter  B. 

It  will  be  noticed  that  it 
is  the  austral  pole  which  turns  towards  the  north,  and  the 
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boreal  pole  which  turns  towards  tBe  south,  the  reason  of 
which  will  be  seen  hereafter. 

If,  instead  of  mounting  the  needle  on  a  pivot,  it  be 
attached  to  a  piece  of  cork  and  placed  in  a  vessel  of  water, 
so  that  the  needle  may  float  hi  a  hoiizontal  position,  it  will 
turn  itself  slowly  around  and  come  to  rest  in  the  same 
general  direction  as  though  it  were  balanced  on  a  pivot. 
In  this  experiment  it  will  be  found  that  the  needle  once  in 
the  meridian,  does  not  advance  either  towards  the  north  or 
south.  Hence  we  infer  that  the  force  exerted  upon  the 
needle  is  simply  a  directive  one. 

The  force  which  causes  a  movable  magnet  to  direct  itself 
north  and  south  is  called  the  directive  force. 

Since  the  phenomenon  described  takes  place  at  all  points  of  the 
earth's  surface,  the  earth  has  been  regarded  as  an  immense  magnet, 
having  its  boreal  and  austral  poles  near  the  north  and  south  poles 
of  the  earth;  and  a  neutral  line  near  the  equator.  This  immense 
magnet  acting  upon  the  smaller  magnets  described,  would,  produce 
all  of  the  effects  observed.  When  we  come  to  explain  the  action  of 
electric  currents,  it  will  be  seen  that  there  is  another  explanation  of 
the  directive  power  of  the  earth. 

Magnetic  Meridian.  —  Declination.  —  Variations. 

853.  When  a  balanced  magnetic  needle  comes  to  a  state 
of  rest,  it  points  out  the  line  of  magnetic  north  and  south. 
If  a  plane  be  passed  through  the  needle  in  this  position  and 
the  centre  of  the  earth,  it  is  called  the  plane  of  the  ma^- 
netic  meridian^  or  simply  the  magnetic  meridian. 

This  does  not,  in  general,  coincide  with  the  plane  of  the 
true  meridian,  which  is  determined  by  a  plane  passing 
through  the  place  and  the  axip  of  the  earth.  The  angle 
which  the  magnetic  meridian  at  any  place  makes  with  the 

How  is  it  shown  that  the  magnetic  force  is  rimplj  directive  ?  What  is  the  direotiTe 
fbroe?  F%y  ha$  ths earth  hesn  regarded  at  a  magnet  t  Where  are  Ue  poUet 
(  85  H)  What  is  the  magnetic  meridian  t    What  is  the  declination  of  the  needle  f 
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true  meridian  of  the  sanft  place  is  called  the  declination  of 
tJie  needle.  In  short,  the  declioation  of  the  needle  is  its 
variation  from  true  north  and  south.  This  is  different  at 
different  places  on  the  earth,  and  even  at  the  same  place  at 
different  times. 

When  the  north  end  of  the  needle  points  to  the  east  of 
true  north,  the  declination  is  said  to  be  to  the  east;  when  to 
the  west  of  true  north  the  declination  is  said  to  be  to  the 
west. 

There  is  a  line  running  from  near  Cleveland,  Ohio,  to 
Charleston,  S.  C,  along  which  the  needle  points  to  the  true 
north ;  this  is  called  a  line  of  no  declination. 

The  line  of  no  declination  is  travelling  slowly  to  the  westward  at 
a  rate  which  would  carry  it  around  the  globe  in  about  1000  years. 
For  all  points  of  the  United  States  east  of  the  line  of  no  declination, 
the  declination  of  the  needle  is  to  the  west ;  for  all  points  to  the 
west  of  it,  the  declination  is  to  the  east ;  that  is,  the  north  end  of 
the  needle  in  all  cases  is  inclined  towards  the  line  of  no  declinaiUml 

For  all  points  in  the  United  States  to  the  east  of  the  line  of  no 
declination,  the  declinatio/i  is  slowly  increasing,  whilst  for  all  points 
to  the  west  of  it,  the  declination  is  slowly  decreasing. 

Besides  tliis  slow  change  in  declination,  the  needle  under- 
goes slight  changes,  some  of  which  are  pretty  regular  and 
others  very  irregular.  In  our  latitude  the  north  end  of  the 
needle  moves  towards  the  west  during  the  early  part  of 
every  day,  through  an  angle  of  10  or  15  minutes,  and  moves 
back  again  during  the  latter  part  of  the  day.  This  is.  called 
the  diurnal  variation.  In  the  southern  hemisphere  this 
motion  is  reversed.  There  is  also  a  small  change  of  similar 
character  which  takes  place  every  year,  called  the  cmnual 
variation. 


When  is  It  to  the  east?  To  the  west?  What  is  the  line  of  no  declination  ?  ffow 
does  thiaUne  mover  JtwhatraUf  JThsre  in  the  dscUnaUon  to  the  west  t  lb  the 
eaett  Uow  does  the  declination  vary  in  the  United  States  t  What  is  the  dimnal 
▼ariaUoD?    The  annual  variation  ? 


Irregular  changes  are  called  perturbatioJU.  They  usually  take 
place  during  Ihunder  storiiiB,  during  the  appearanoa  of  the  aoroni 
borealis,  and  in  general,  when  there  is  'any  suddea  change  in  the 
electrical  condition  cf  the  atmosphere. 

The  Compass. 

S53>    The  property  posaeBsed  by  magnets  of  arranging 

themaelves  in  the  magaetic  meridian  has  been  utilized  in  the 
construction  of  Compasses. 


Kg.  243  representa  a  compSBs.  It  consistH  of  a  compasB- 
boic,  having  a  pivot  at  its  centre,  on  which  is  poised  a  delicate 
magnetic  needle.  Aronnd  the  rim  of  the  box  is  a  graduated 
mcle,  whose  diameter  is  somewhat  le^  than  the  length  of 
the  needle,  wid  of  which  the  pin  ia  the  centre.  The  pin  is 
of  hard  steel,  carefully  pointed ;  a  piece  of  hard  stone  is  let 

What  or* p»rtm*aUim4t   laaUratt.   {3fi8.}  WbttiiCanVMl  IktM^ 
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into  the  needle,  in  which  is  a  conical  hole  to  rest  upon  tbe 
pirot,  to  diminish  the  firiction  between  the  ne^e  and  its 
support.  In  addition  to  the  graduation  on  the  circle,  the 
bottom  of  the  box  is  divided  into  sixteen  equal  parts,  in- 
dicating the  points  of  the  compass. 

This  instrument  under  Tarious  forms  is  used  for  a  great  variety  of 
purposes.  It  is  used  in  navigation,  in  surveying,  and  is  of  im- 
portance to  the  traveller  and  explorer,  to  say  nothing  of  its  use  in 
mining. 

The  magnetic  declination  at  any  place  may  easily  be  found  when 
the  true  meridian  is  known.  Let  the  compass  be  so  placed  that  the 
line,  iVS>,  coincides  with  the  true  meridian,  then  when  the  needle 
comes  to  rest,  the  reading  under  the  head  of  the  needle  will  be  the 
declination  required.  In  the  figure,  if  we  suppose  NS  to  be  in  the 
true  meridian,  the  declination  is  tS""  west. 

The  Dippiiig  Needle. 

3M.  When  a  steel  needle,  mounted  as  shown  in  fig. 
242,.  is  carefully  balanced  before  being  magnetized,  it  is 
found,  afler  being  magnetized,  to  incline  downwards  or  to 
dip.  This  dip  is  towards  the  north  in  our  latitude,  that  is, 
the  north  end  of  the  needle  dips  or  inclines.  The  defect  of 
dipping  in  the  compass  is  remedied  by  making  the  other  end 
of  the  needle  a  little  heavier,  by  adding  a  movable  weight, 
as  a  piece  of  wire  wound  round  the  needle,  and  capable  of 
sliding  along  it. 

To  show  the  dip  and  to  measure  it,  the  needle  is 
mounted  in  the  way  indicated  in  Fig.  244.  The  needle  is^ 
suspended  on  a  horizontal  axis,  so  that  it  can  move  up  and 
down  freely,  and  the  amount  of  the  dip  is  indicated  by  a 
graduated  circle  or  quadrant.  The  dip  indicated  in  tbe 
figure  is  54°,  which  is  the  angle  made  by  the  needle  with 


What  U  its  use  f  How  U  ths  magnttic  decUnation  found  at  anf  ptaeet 
(354.)  What  is  a  dipptng  needle?  How  is  the  comptss  needle  preyented  from 
dipping  ?    How  is  the  dip  shown  and  measnred  ? 
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tiie  horizon.  At  any  place  the 
dip  will  be  the  greatest  possi- 
ble when  the  needle  vibrates 
in  the  plane  of  the  magnetic 
meridian. 

The  dip  varies  in  passing  from 
place  to  place,  increasing  as  we  ap- 
proach the  magnetic  poles  of  the 
earth,  where  the  dip  is  90® ;  that  is, 
tiie  needle  is  perpendicular  to  the 
horizon. 

The  dip  is  subject  to  irregularities 
corresponding  to  those  of  the  declina- 
tion. The  amount  of  the  dip  is  an 
important  element  in  forming  a  cor- 
rect notion  of  the  laws  of  terrestrial 
magnetism,  and  for  this  reason  many 
observations  Have  been  made  and 
are  still  making,  to  determine  it  at 
different  places,  and  at  different 
times  at  the  same  place. 


Fig.  244 


III.  —  METHODS      OF      IMPARTING      MAGNETISM. 

Blagnetizing  by  Terrestrial  Induction. 

•  855«  To  MAGNETIZE  a  body  is  to  impart  to  it  the 
properties  of  a  magnet ;  that  is,  to  impart  to  it  the  proper- 
ty of  attracting  magnetic  bodies. 

The  only  substances  that  can  be  permanently  magnetized, 
are  steel  and  the  compound  oxide  of  iron,  which  constitutes 
the  loadstone.  A  body  capable  of  being  magnetized  may 
be  converted  into  a  magnet  by  the  inductive  influence  of 


Maw  do€8fh6  dip  Wiry  f  IsUtutjecttoirregtaaHUetf   (855.) '^^^hat^BMaat 
ttjnuignetfadagabodyf    What  tabstaiices  eaa  1m  penniaeatly  mMBM^&iAlt 


8Y2  FOPUUkA  PUYtilGS. 

the  earth,  or  more  rapidly  by  being  rubbed  by  another 
magnet,  or  finally,  by  the  action  of  electricity,  In  which  case 
the  operation  is  instantaneous. 

The  magnetic  ores  of  iron  may  exist  as  magnets  in  the  natural 
state,  or  they  may  possess  no  trace  of  magnetic  action.  But  they 
are  highly  susceptible  to  magnetic  influence,  and  once  magnetized, 
they  retain  their  magnetic  action  by  virtue  of  their  strong  coercive 
force. 

Natural  magnets  owe  their  magnetism  to  the  slow  action 
of  the  earth,  which  separates  the  two  fluids  in  them.  The 
magnetic  action  of  the  earth  is  so  great  as  to  be  used  suo- 
cessfuUy  in  forming  aitificial  magnets. 

To  use  this  principle,  we  place  a  thin  bar  of  iron  in  the 
magnetic  meridian  and  incline  it  to  the  horizon  by  an  angle 
equal  to  the  dip.  In  this  position  the  eaith  acts  upon  it  by 
induction,  driving  the  austral  fluid  to  the  lower  end  (in  our 
latitude),  and  the  boreal  fluid  to  the  upper  end. 

The  magnetism  thus  induced  is  only  temporary,  for  if  the 
bar  be  moved  from  its  position,  the 'two  fluids  return  to  a 
state  of  equilibrium.  IfJ  howevei*,  when  the  bar  is  in  posi- 
tion, it  be  struck  smartly  by  a  hammer,  or  if  it  be  violently 
twisted,  sufficient  coercive  force  may  be  developed  to  retain 
the  induced  magnetism  for  a  time. 


Magnetizing  by  Friction. 

856.  Bars  of  steel,  and  needles  for  compasses,  are  usually 
magnetized  by  rubbing  them  with  other  magnets.  The 
three  methods  are  called  the  methods  by  single  touchy  by 
separate  touchy  and  by  double  touch. 

To  magnetize  a  steel  bar  by  single  touchy  we  hold  the 


Ar€  tks  magneUe  or«9  of  iron  aVwayt  magnetaf  To  what  is  the  natiiTal  majf 
nellzAtlb?  of  the«e  ores  due  ?  How  are  bars  magnetlzod  by  this  prinelpl^f  (356.) 
How  maj  bars  of  steel  be  magnetized  ?    Explain  the  method  of  «iogie  Umit.       ' 
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body  to  be  magnetized  in  one  hand,  and  vitb  the  other  we 
pass  over  it  a  powerful  bar  magnet,  aa  shown  in  Fig.  246. 
After  several  repetitions  of  this  process,  the  steel  is  found  to 
possess  aU  the  properties  of  a  magnet.    These  properties 


m-ML 


are  the  more  durable  in  proportion  to  the  hardness  of  the 
steel. 

To  magnetize  a  steel  bar  by  Beparale  touch,  we  rub  it  in 
one  direction  with  one  pole  of  a  magnetized  bar,  and  in  the 
opposite  direction  with  the  opposite  pole. 

To  magnetize  a  body  by  double  touch,  we  make  nse  of 
two  magnetized  bars,  which  are  placed  with  their  opposite 
poles  iu  contact  with  the  bar  at  its  middle  point,  being  only 
separated  by  a  small  interval,  as  shown  in  Fig.  246 ;  the 
combined  bars  are  then  moved  alternately  in  opporite  direc- 
tions to  the  two  ends  of  the  bar,  and  the  operation  is 
repeated  several  times.  Care  must  be  talcen  to  apply  the 
eame  nnmber  of  touches  to  each  end  of  the  bar. 


OfMpifMetradL    Of  doubk  toWh. 
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The  method  of  magnetizing  by  electridty  will  be  .treated 
of  under  the  head  of  electrical  ourreDts. 


BondlM  of  Mogneta.— AnoaturM. 

SSV.  A  BtTNDLB  OP  Magnets  consiste  of  a  group  <rf 
magnetized  hars  united,  bo  that  their  poles  of  the  same 
name  may  be  coincident. 

Sometimes  these  bundles  are  composed  of  stnught  bars, 
like  that  shown  in  Fig.  245,  and  sometimes  they  are  curved 
in  the  shape  of  a  horae-shoe,  as  shown  in  Fig.  247. 

Magnets,  if  abandoned  to  themselves,  would  lose  in  a 
short  time  much  of  their  power ;  hence  it  is,  that  arma- 
turea  are  employed. 

An  AsMATTTRE  is  a  piece  of  soft  iron,  placed  in  contact 
with  the  poles  of  a  magnet.    Thus,  ab,  in  Fig.  247,  ia  an 


(8ST-)  WlutliinandltorUagnatir    WbMIt* 
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The  poles,  acting  by  induction  upon  the  armature,  convert 
a  into  an  austral,  and  b  into  a 
boreal  pole.  These  two  poles  re- 
acting upon  the  poles  of  the  mag- 
net, AJ3,  prevent  the  recomposi- 
tion  of  the  two  fluids,  and  thus 
preserve  its  magnetism.  The  ar- 
mature is  sometimes  called  a 
keeper. 

If  weights  be  attached  to  the  keeper 
till  it  separates  from  the  magnet,  we 
can,  from  the  number  of  pounds  ap- 
plied, judge  of  the  power  of  the  mag- 
net. 

For  many  kinds  of  magnetic  experi- 
ment the  horse-shoe  form  is  preferable. 
It  is  also  the  form  best  adapted  to  the 
application  of  an  armature  or  keeper. 

The  most  powerful  horse-shoe  mag- 
nets are  formed  by  means  of  electrical 
currents.  Magnets  of  this  kind  have 
been  constructed  by  Prof.  Henry,  of  the 
Smithsonian  Institution,  capable  of  sus- 
taining a  weight  of  more  than  a  ton 
and  a  quarter.  S*]^,  247. 


A  keeper?   Bbto'eeM  we  judffe  of  the  power  qfa  moffnetf    Wha$  arelhead* 
WMktge*  €(fthe  horee-^hoe  maffnet  t 
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BTATIOAL         ELECTRICITY. 
I.  —  rUKDAMENTAL      PRINCIPLES. 

Definition  of  ZSlectridLty. 

85g.  Electbicity,  as  a  science,  is  that  branch  of  Physics 
which  treats  of  the  laws  of  attraction  and  repulsion  ex- 
hibited by  bodies  under  certain  circumstances.  Such  phe- 
nomena are  called  electriccU  p/ienomena.  The  name  elec- 
tricity is  derived  from  the  Greek  ekktroriy  which  means 
amber. 

ZliflGOvery  of  XQeotrioal  Properties. 

350«  Six  hundred  years  before  the  commencement  of  the 
Christian  era,  Thales,  of  Miletus,  knew  that  when  yellow  amber 
was  vigorously  rubbed  with  "^ool,  it  acquired  the  property  of  attract- 
ing light  bodies,  such  as  small  ^«'  s  of  paper,  barbs  of  quills, 
straws  and  the  like.  Comparing  tL  jraction  to  suction,  the  ancients 
said  that  amber  had  a  power  of  suction,  and  suoked  light  bodies 
towards  it.  In  consequenee  of  the  rarity  of  amber,  whose  origin  is 
even  in  our  tiay  unknown,  they  went  so  far  •as  to  say,  that  it  was 
formed  from  the  tears  of  an  Indian  bird,  grieved  at  the  death  of 
King  Meleager. 

Six  centuries  later,  Pliny,  an  eminent  Roman  naturalist,  writes  : 
"  When  the  friction  of  the  fingers  imparts  heat  and  life  to  yellow 
amber,  it  attracts  straws,  just  as  the  magnet  attracts  iron."     This 

(  868.)  Define  Electricity  as  a  science.   What  are  electrical  phenomena  ?   Whence 
the  name?    (359.)  GiaseanotUlineqfthehiOoryqfeUciricaldiacoveriea, 
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was  all  of  the  knowledge  had  on  the  subject  until  the  end  of  the 
sixteenth  century,  when  William  Gilbert,  an  Englishman,  called 
anew  the  attention  of  scientific  men  to  the  properties  of  amber,  and 
showed  that  a  great  number  of  other  substances,  such  as  glass,  resin, 
silk,  sulphur,  and  the  like,  acquired  the  power  of  attracting  light 
bodies,  on  being  rubbed  with  woolen  cloth  or  cat's  skin. 

To  repeat  these  experiments,  rub  a  tube  of  glass  or  a  stick  of 
sealing-wax  with  a  piece  of  woolen  cloth,  then  present  them  to  light 
bodies,  as  shreds  of  gold  leaf,  barbs  of  quills,  or  fragments  of  paper, 
and  the  latter  will  be  seen  to  approach  and  adhere  to  the  excited 
glass  or  sealing-wax.  The  manner  of  making  these  experiments  is 
indicated  in  Fig.  248. 

It  will  be  seen  here- 
after, that  resin  and 
other  substances  named 
above,  not  only  develop 
forces  of  attraction 
when  rubbed,  but  also 
they  become  luminous, 
emit  sparks,  and  dis- 
play a  number  of  other 
properties,  all  of  which 
are  known  as  electrical 
phenomena. 

Since  the  beginning 
of  the  seventeenth  century  the  progress  of  discovery  in  electricity  has 
been  rapid,  and  a  multitude  of  new  facts  have  been  developed,  which 
have  been  so  well  studied  as  to  form  a  very  extensive  branch  of 
natural  science. 

Sources  of  Electricity. 

360.  The  sources  of  electricity  may  be  divided  into 
three  classes :    Mechanical^  Physical^  and  Chemical. 

The  mechanical  sources  are:  friction^  pressure^  and  separ- 
ation of  the  molecvlea  of  bodies.  When  a  piece  of  sugar  is 
broken  suddenly  in  a  dark  room,  a  feeble  light  is  observable, 


Fig.  248. 
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which  is  due  to  the  development  of  electricity  at  the  mo- 
ment of  separating  the  molecules. 

The  physical  sources  are  variations  qf  temperattire,  and 
the  like.  Some  minerals,  particularly  tourmaline  and  topaz, 
manifest  electrical  phenomena  on  being  heated  or  cooled. 

The  chemical  sources  are  chemical  compositions  and  cfo- 
compositions  of  bodies,  Metals,  like  zinc,  iron,  and  copper, 
when  plunged  into  adds,  are  attacked  by  them,  forming 
compounds  known  as  salts.  During  these  combinationft 
considerable  quantities  of  electricity  are  developed. 

The  most  powerful  of  the  oaufles  of  electricity  are*frietion  and 
chemical  action.    These  will  be  studied  in  their  order. 

ZneotroBoope. — ^Electrical  Pendulnm. 

861.  An  Elbctbosgope  is  an  apparatus  for  showing 
when 'a  body  is  electrified. 

The  most  simple  electroscope  is  the  Electrical  Pk!t- 
DULUM,  which  consists  of  a  small  ball  of  elder  pith,  suspended 
by  a  fine  silk  thread,  as  shown  in  Fig.  249.  The  thread  is 
listened  to  the  upper  end  of  a  stem  of  copper,  which  stem 
has  a  support  of  glass. 

To  ascertain  whether  a  body  is  electrified  or  not,  the 
pendulum  is  presented  to  it ;  if  it  is  electrified,  the  pith  ball 
will  be  attracted,  otherwise  not.  When  the  quantity  of 
electricity  Is  too  small  to  produce  sensible  attraction  upon 
the  pith  ball,  more  delicate  instruments  are  sometimes  em- 
ployed, called  electromete)*s. 

Two  kinds  cf  XSlectiicity. 

863.  That  there  are  two  kinds  of  electricity,  may  be 
shown  by  the  action  of  glass  and  resinous  bodies,  after  being 
rubbed,  upon  pith  balls. 


What  is  the  cliiof  physical  source?  The  chemical  sources?  What  it  ths  mo$t 
pOfMrfid  eauM  o/eUetricUyf  (861.)  What  is  aA  Eleetrosoope?  DeMribe  Am 
Eeotrioal Pendulum.    HowttMd?   (86)».)  Howzaanjkindsof •leotrieltyanUnnf 
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K  a  tube  of  glass  be  rubbed  with  a  pieoe  of  cloth,  and 
then  presented  to  the  electridal  pendulum,  the  pith  ball  will 
at  first  be  attracted,  and  after  a  short  time  it  will  be  repelled, 
as  shown  in  Fig.  250.  The  ball  is  then  charged  with  the 
same  kind  of  electricity  as  that  in  the  glass. 


Fig.  249. 


Fig.  250. 


If  now  a  piece  of  a  resinous  body,  as  sealing-wax,  be 
rubbed  with  cloth  and  brought  near  the  excited  pith  ball, 
the  latter  is  immediately  attracted  to  the  former.  In  like 
manner,  if  the  sealing-wax  be  first  presented  to  the  pen- 
dulum, it  will  be  attracted  and  then  repelled.  If  then  the 
glass  be  brought  near  the  pith  ball,  attraction  will  be  ob- 
served. This  shows  that  the  action  of  electricity,  as  devel- 
oped in  glass  and  resin,  is  different,  the  one  repelling  when 
the  other  attracts.  This  feet  was  discovered  by  Dufay, 
in  1734. 

The  electricity  developed  in  rubbing  glass  with  a  piece 


How  is  It  ihown  that  ther*  are  two  kiadi  t 
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of  silk,  has  been  named  vitreous  electricity^  that  developed 
by  rubbing  resin  or  sealing-wax  with  the  silk,  has  been 
named  reainouB  electricity. 

B3rpotliie8U  of  two  Bleotxical  Fluids. 

S6S.  The  disooveiy  of  Dupat  gave  rise  to  the  theory 
of  two  electrical  fluids,  which  in  unexcited  bodies  exist  in  a 
state  of  combination,  forming  what  is  called  a  neutral  fluid. 
The  earth  is  regarded  as  a  great  reservoir  of  this  fluid,  which 
has  of  itself  no  obvious  properties ;  hence*  bodies  which 
only  contain  it  are  said  to  be  neutraL  If  by  fliction,  chem- 
ical action,  or  other  cause,  the  neutral  fluid  is  decomposed, 
and  the  two  fluids  separated,  electrical  phenomena  are  at 
once  developed. 

These  two  fluids  were  at  first  named  tTie  vitreous^  and  the 
resinous  fluids,  but  more  recently  they  have  been  called 
the  positive^  and  the  negative  fluids;  the  vitreous  being 
called  positive,  and  the  resinous  negative.  These  names 
were  adopted  by  Franklin  the  better  to  express  their  op- 
posite charactersr  The  positive  fluid  is  often  indicated  by 
this  sign,  + ,  {pkis)y  and  the  negative  fluid  by  this  sign,  — , 
{minus,) 

The  hypothesis  of  two  fluids  was  first  made  by  Symner,  and  ac- 
cording to  it  the  development  of  electricity  consists  in  separating  the 
two  fluids.  When  glass  is  rubbed  with  silk,  the  positive  fluid  of  the 
two  goes  to  the  glass,  whilst  the  negative  fluid  goes  to  the  silk. 
When  sealing-wax  is  rubbed  with  silk,  the  reverse  is  the  case,  the 
negative  fluid  goes  to  the  resinous  body  and  the  positive  fluid  to  the 
silk. 

It  is  to  be  observed  that  all  of  the  phenomena  can  be  equally  wsll 
explained  by  the  theory  of  a  single  fluid.  This  is  the  theory  of 
Franklin,  and  if  we  adhere  to  the  hypothesis  of  two  fluids,  it  is 
simply  because  it  is  more  easily  applied  than  that  of  one  fluid. 

What  are  they  called  f  (  363.)  What  1b  the  nentral  fluid?  When  are  eleetrietl 
phenomena  produced  ?  What  other  names  are  given  to  the  two  fluida?  Howtre 
they  indicated  ?  Eaeplain  in  detaU  fh6  hcojfuid  hypmthetU,  Who  U  fito  a«<l0r 
o/theoneJiuidhypoihttiBf 
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Laws  of  Electzical  Attraction  and  Repnliion. 

364..  The  following  laws  have  been  deduced  from 
theory,  and  confirmed  by  experiment*: 

1.  Fluids  of  tJie  same  name  repel  ea^h  other  /  fluids  of 
opposite  nam,es  attract  each  other. 

2.  The  intensities  of  the  attractions  and  repulsions  vary 
inversely  as  the  square  of  the  distances  between  them. 

Oonductors.  —  Insulators. 

865.  Conductors,  or  conducting  substances^  are  those 
which  permit  electricity  to  pass  through  them. 

Insulators,  or  non-conducting  substances^  are  those 
which  do  not  permit  electricity  to  pass  through  them. 

Gray  observed  that  electrified  bodies  returned  instantly  to  a 
neutral  state  when  brought  into  contact  with  the  earth,  or  when 
placed  upon  Bupports  of  metal,  wood,  stone,  or  any  moist  substance 
whatever.  He  also  observed  that  they  remained  in  an  electrified 
condition  for  a  long  time  when  placed  upon  supports  of  glass,  resin, 
sulphur,  or  when  suspended  by  silken  cords.  From  these  facts,  he 
concluded  that  metals,  wood,  stone,  and  the  like,  permitted  the 
electricity  to  pass  freely  through  them,  wjiilst  glass,  resin,  sulphur, 
and  the  like,  opposed  its  passage.  He  also  inferred  thaU  the  latter 
class  of  bodies  was  not  entirely  incapable  of  conducting  electricity, 
but  that  they  were  extremely  poor  conductors.  When  an  electrified 
body  is  surrounded  by  non-conductors  it  is  said  to  be  insulated^  and, 
any  non-conducting  support  of  an  electrified  body  is  therefore  called 
an  insulator. 

The  best  conductors  of  electricity  are  the  metals ;  after 
these  come  plumbago,  well  calcined  carbon,  acid  and  saline 


(364.)  What  is  the  first  law  of  attraction  and  rcpnlsion?  The  second  lawf 
(  365.)  What  are  Conductors  ?  Insulators  or  non-condnctors  ?  Wluit  obwrvation^ 
were  made  hy  Gray  ?  When  it  a  body  inwlated  t  What  are  the  best  coik4afit«Wi\ 
Next  in  order  ? 
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solations,  water  either  in  a  liquid  or  vaporous  form,  the  hu- 
man body  or  animal  tissues,  vegetable  substances,  and  in 
general,  all  moist  or  humid  substances. 

The  worst  conductors,  or  best  non-conductors,  are  resins, 
gums,  india-rubber,  silk,  glass,  precious  stones,  spirits  of 
turpentine,  oils,  air,  and  gases  when  perfectly  dry. 

^Bflethods  of  JESUctrifying  Bodies. 

866.  Non-conducting  bodies  are  electrified  only  by 
fiiction,  but  conductors  may  be  electrified  either  by  friction, 
by  contact,  or  by  induction. 

In  order  to  electrify  a  metal  it  must  be  insulated ;  that  is, 
it  must  be  surrounded  by  non-conducting  bodies,  and  it 
must  be  rubbed  by  an  insulated  body. 

This  may  be  effected  by  mounting  the  metal  upon  a  stand  of  glass 
and  rubbing  it  with  a  non-conduotor,'Such  as  a  piece  of  silk.  Were 
the  metal  not  insulated,  the  electricity  would  flow  off  to  the  earth  as 
fast  as  generated,  and  were  the  rubbing  body  not  a  non-conductor, 
the  electricity  would  flow  off  through  the  hands  and  arms  of  the 
experimenter. 

The  method  of  electrifying  by  contact  depends  upon  the 
property  of  conductibility.  If  a  conductor  is  brought  in 
contact  with  an  •lectrified  body,  a  portion  of  the  electricity 
of  the  latter  at  once  flows  into  the  former  body.  If  the  two 
bodies  are  exactly  alike,  the  electricity  will  be  equally  dis- 
tributed over  both.  If  they  differ  in  size  or  in  shape,  the 
electricity  will  not  be  equally  distributed  over  both. 

The  method  of  electrifying  bodies  by  induction  is  similar 
to  that  of  magnetizing  bodies  by  induction,  and  will  be 
treated  of  hereafter. 


The  worst  condnctors?    (366.>  Hov  are  non-condnctors  electrified?     Cui  eoB- 
daoton  be  electrified  by  friction?    ir<Hof    How  are  bodies  electrified  by  eontact? 
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Acoumolatlon  of  Electricity  on  the  Bnr&oe  of  Bodies. 

867.  Experiment  shows  that  when  a  body  is  electrified, 
the  electricity  all  goes  to  the  snr&ce  of  the  body,  whero  it 
exists  in  a  thin  layer,  tending  continually  to  escape.  It 
actually  does  escape  as  booq  as  it  finds  an  oatlet  through  a 
conducting  body. 


Of  the  Tarions  experiments  intended  to  show  this  feet,  we 
select  one  that  waa  first  performed  by  Couiomb.  He 
mounted  a  copper  sphere  upon  an  insulating  rod  of  glass,  as 
shown  in  Fig,  251.  He  then  provided  two  hollow  hemis- 
pheres also  of  copper,  which,  when  put  together,  exactly 

(369.)  WbeT«tatheel«trldl)'oribodjf6iinAt    ExiMiCo^unn'tvtvAniHft. 
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fitted  the  first  sphere,  and  these  he  insulated  by  attaching 
them  to  glass  handles.  Having  placed  the  hemispheres  so 
as  to  cover  the  solid  sphere,  he  brought  the  whole  apparatus 
in  contact  with  an  electrified  body  till  it  was  fully  charged. 

On  removing  the  apparatus  from  the  electrified  body,  he 
separated  the  two  hemispheres  abruptly,  and  applied  to  each 
in  turn  the  electrical  pendulum,  when  he  found  that  both 
wore  electrified.  On  testing  the  solid  sphere  in  like  manner, 
he  could  discover  no  trace  of  electricity ;  in  other  words,  it 
was  perfectly  neutral. 

In  taking  away  from  the  body  its  outer  coating,  he  had 
removed  every  particle  of  its  electricity,  which  proved  that 
the  electricity  was  entirely  upon  the  surfece. 

Another  fact  which  indicates  the  same  conclusion  is,  that  a  hollow 
and  a  solid  sphere  of  the  same  size  and  of  the  same  material,  will  be 
charged  with  exactly  the  same  quantity  of  electricity  when,  made  to 
communicate  with  the  same  electrical  source. 

When  the  electric  fluid  is  accumulated  upon  the  sur&ce 
of  a  body,  it  tends  to  escape  with  a  certain  force,  which  is 
named  the  tension. 

The  tension  augments  with  the  quantity  of  electricity  accumu- 
lated. So  long  as  it  does  not  pass  a  certain  limit,  it  is  held  by  the 
resistance  of  the  .air,  but  if  the  tension  passes  this  limit,  the  elec- 
tricity escapes  with  a  crackling  noise  and  a  brilliant  light  called  the 
electric  spark.  In  moist  air  the  tension  is  always  feeble,  because 
the  electricity  is  slowly  conveyed  away  by  the  moisture.  In  a 
vacuum,  there  is  no  resistance  to  the  escape  of  electricity,  and  the 
tension  is  nothing.  The  electricity  in  this  case  flows  off  as  fast  as 
generated,  with  a  feeble  light. 

Influence  of  the  Fonns  of  Bodies.  —  Power  of  Points. 

86§«  The  distribution  of  electricity  over  the  surfaces  of 
bodies  depends  upon  their  form.    If  a  body  is  spherical,  the 


What  fact  confirms  Coulomb'b  ooncluHon  T  What  is  the  tension  ?  What  i*  tiU 
^iUotHeaparkf  Why  is  the  ttmeion  feeble  in  moUfi  air  t  Jnawxeuvmt  (868.) 
What  effect  has  the  form  of  a  body? 
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.^  fluid  is  equally  distributed,  as  may  be  Bbown  by  an  iustni- 
,  ment  called  a  proof-plane. 

t  The  proof-plane  coDsiets  of  a  disk  of  gilt  paper  attached  to  Ihe  end 
v  iai  a  rod  of  gumlae,  wRich  iosulatoa  well.  Taking  Ibe  rod  in  the 
'    baud  u  Bhown  in  Fig.  as2,  it  it  applied  incoesBirelr  at  different 

pointa  of  the  electrified  surfaee,  and  after  eaot  oontoet  it  u  fnaented 

to  the  eleotrioal  pendulum. 


If  the  electi-ified  body  is  a  sphere,  the  same  amount  of 
attrEiction  for  the  pith  ball  is  shown,  wherever  the  contact 
may  be  made ;  this  Bhows  that  the  proof-plane  is  equally 
charged  at  every  point  of  the  sphere,  and  consequently  it  la 
inferred  that  the  distribution  is  uniform  over  the  whole 


When  the  body  is  elongated  and  pointed,  as  in  Fig.  252, 
different  results  are  obtained.    In  this  case  the  proof-plane 


malUajii'eiifipIaiitt   Bowii««dr 


386  POPULAB    PHYSICS. 

is  more  highly  charged  at  the  sharp  end  of  the  body  than 
at  any  other  point,  showing  a  larger  amount  of  electricity  at 
the  point  than  elsewhere.  In  general,  it  may  be  shown  that 
the  greater  the  curvature  of  a  surface  at  any  part,  that  is, 
the  nearer  it  approaches  a  point,  the  greater  will  be  the 
accumulation  of  electricity  there.  This  shows  that  elec- 
tricity tends  to  accumulate  at,  or  to  flow  towards  the 
pointed  portions  of  bodies. 

The  aocumolation  of  electricity  at  points  gives  rise  to  a  high 
tension,  which  is  sufficient  to  overcome  the  resistance  of  the  aur  and 
to  give  rise  to  an  escaping  current.  In  fact,  metallic  bodies  of  a 
pointed  shape  soon  lose  the  electricity  imparted  to  thero,  and  often 
the  escaping  current  may  be  felt  by  placing  the  hand  in  front  of  the 
point.  If  the  flow  takes  place  in  a  darkened  room,  it  may  be  dis- 
covered by  a  feathery  jet  of  faint  light 

'  The  property  of  points,  or  the  power  of  points,  as  it  is  called,  was 
noticed  by  Franklin  and  made  use  of  by  him  in  his  theory  of 
lightning-rods. 

n.  —  PRINCIPLE      OF      INDUCTION.  —  ELECTRICAL      MACHINSS. 

Zndaotlon. 

869.  If  an  insulated  conductor  in  a  neutral  state  is 
brought  near  an  electrified  body,  the  fluid  of  the  latter 
acting  upon  that  of  the  former,  decomposes  it,  repelling  the 
fluid  of  the  same  name,  and  attracting  that  of  a  contrary 
name.  This  operation  is  called  iNDucrnoN,  and  it  may  take 
place  not  only  at  considerable  distances,  but  also  through 
non-conducting  bodies,  such  as  air,  glass,  and  the  like. 

The  method  of  electrifying  bodies  by  induction  is  shown 
in  Fig.  253.  On  the  right  of  the  figure  is  the  prime  con- 
ductor of  an  electrical  machine,  which,  as  we  shall  see  here- 
after, is  charged  with  the  positive  fluid.     On  the  left  is  a . 


What  effeet  has  a  pointed  fonm  ?   JHwtw  the  p9mr  o/patwU,    (  869.)  What  to 
Induction  ?  .^  *-  x  # 
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metallic  cylinder  with  spherical  ends,  and  supported  by  a 
rod  of  glass.  Attached  to  its  lower  surface,  at  intervals,  are 
pairs  of  pith  ball  pendulums,  supported  by  threads  of  some 
conducting  substance. 


Fig.  268. 

When  the  cylinder  is  brought  slowly  towards  the  electri- 
cal machine,  we  see  the  pith  balls  repel  each  other  and 
diverge.  This  divergence  is  unequal  at  different  points, 
being  greatest  near  the  extremities  of  the  cylinder ;  towards 
the  middle  of  the  cylinder  the  pith  balls  remain  in  contact 
without  repelling  each  other.  We  conclude  from  these 
facts  that  the  fluids  are  driven  towards  the  extremities  of 
the  cylinder,  whilst  the  central  portion  remains  in  a  neutral 
state. 

If  a  stick  of  resin  be  rubbed  with  silk  and  brought  near 
the  pith  balls  towards  the  electrical  machine,  they  will  be 
repelled,  showing  that  thaj  end  of  the  cylinder  is  negatively 
electrified.    If  it  is  brought  near  the  pith  balls  at  the  remote 


How  is  an  insulated  body  affected  by  induction?   ExpVaiiSL  \i!)&ft  '\^\i«^xck&'Q&\sx  \%^afi^• 
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extremity  of  the  cylinder,  they  are  attracted,  showing  that 
that  end  of  the  cylinder  is  positively  electrified.  Finally, 
the  electricities  ia  the  two  ends  are  equal  in  quantity,  as 
may  be  shown  by  removing  the  cylinder,  when  they  flow 
together  and  neutralize  each  other. 

The  positive  electricity  of  the  machine,  then,  simply  acts  to  sepa- 
rate the  two  fluids,  attracting  the  negative  fluid  to  the  end  nearest 
it  and  repelling  the  positive  fluid  to  the  opposite  end  of  the  cylinder. 
No  electricity  passes  from  the  machine  to  the  cylinder. 

I^  whilst  the  apparatus  is  in  the  position  shown  in  the 
figure,  the  two  electricities  being  separated,  the  positive 
end  be  touched  by  a  conductor,  as  the  finger,  for  example, 
all  of  the  positive  fluid  will  escape,  whilst  the  negative  fluid, 
being  held  by  the  attraction  of  the  positive  fluid  in  the 
machine,  remains  on  the  sur&ce  of  the  cylinder.  The  cylin- 
inder  is  thus  charged  with  negative  electricity  throughout, 
as  may  be  shown  by  applying  a  rod  of  electrified  glass  or 
resin  to  the  pith  balls  at  the  two  extremities.  Furthermore, 
it  is  immaterial  whereabouts  the  cylinder  is  touched  by  the 
conductor;  for  if  touched  at  any  point,  the  positive  fluid 
escapes,  and  the  cylinder  is  charged  with  the  negative  fluid. 

Had  the  inducing  body  been  charged  negatively,  the 
cylinder  would  in  like  manner  have  received  a  positive 
charge  by  induction. 

The  method  of  induction  is  of  frequent  application  in  experimental 
inquiries,  and  the  principle  set  forth  above  serves  to  explain  a  great 
variety  of  electrical  phenomena. 

The  Slectrical  Machine. 

8Y0.  The  Electrical  Machine  is  a  machine  by  means 
of  which  an  unlimited  amount  of  electricity  may  be  gen- 
erated by  friction. 


Sino  does  the  poHiive  eleetricUy  tictf  How  la  the  negative  fluid  drawn  oiTT 
Had  the  indnoing  body  been  negatively  eleetrlfled,  what  would  have  hn^penedr 
(  870.)  What  la  an  Eleotrieal  Machine  ? 


Thii  RiMhtne  wu  invented   about  two  liundrad  yean  ago  by 
Otto  ton  Gheuceb,  the  distiDguisbod  inTeotor  of  the  ur^pamp. 

The  flnit  inachine  was  simply  b,  ball  of  lulphnr  fixed  upon  a  wooden 
■xii.    On  turiiing  the  aiia,  and  at  the  Hame  time  preuing  one  hand 


FIg.Kl. 

against  the  ball,  e.  quantity  of  frictional  olaotridty  wai  developed. 
After  various  improvementi  the  machine  has  taken  the  form  shown 
in  Fig.  254,  which  is  the  form  that  la  now  mo»t  generally  employed  in 
physical  researches. 


m«»  IdMiittd  md  Ay  MioBi  7 
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The  principal  piece  of  the  machine  is  a  plate  of  glass,  PP^ 
three  feet  or  more  in  diameter.  This  plate  is  mounted  upon 
a  horizontal  axis,  and  may  be  turned  upon  this  axis  by  means 
of  a  crank.  The  wooden  frame  which  supports  the  axis 
embraces  the  plate,  and  bears  four  cushions  which  press 
against  the  glass  on  its  opposite  feces,  two  above  and  two 
below  the  axis.  The  cushions  are  of  leather  stuffed  with 
hair ;  by  their  friction  they  give  rise  to  positive  electricity 
in  the  plate  when  it  is  turned. 

Two  cylinders  of  brass,  AA^  are  mounted  on  the  table 
which  supports  the  frame-work,  and  are  insulated  by  glass 
pillars.  These  cylinders,  called  conductors,  are  imited  at 
their  remote  ends  by  a  third  cylinder  of  brass,  as  shown  in 
the  figure.  At  their  ends  nearest  the  plate  they  terminate 
in  cylindrical  pieces  constructed  so  as  to  partially  embrace 
the  plate  but  not  touch  it.  These  pieces  are  called  combs, 
from  the  fact  that  a  great  number  of  projecting  teeth  are 
placed  on  their  sides  next  the  plate.  Finally,  all  of  the 
ends  of  the  cylinders  in  the  machine  are  wrought  into 
spherical  forms,  to  prevent  the  dissipation  of  electricity  as 
much  as  possible.  The  entire  collection  of  metallic  cylinders 
is  called  the  prime  conductor. 

Use  of  the  Slectzical  Machine. 

371.  When  the  plate  is  turned  rapidly,  the  friction  of 
the  cushions  or  rubbers  develops  a  great  quantity  of  posi- 
tive electricity  on  the  glass,  whilst  the  negative  fluid  goes 
to  the  rubbers  and  is  conveyed  through  the  frame  to  the 
earth,  and  thus  disappears.  The  neutral  fluid  on  the  con- 
ductors is  decomposed;  the  negative  fluid  flows  through 
the  teeth  of  the  combs  to  the  glass  plate,  tending  to  neu- 
tralize the  positive  fluid  on  the  pliate.     The  conductors  thus 

What  Is  the  principal  piece?  How  monnted?  Describe  the  cushions.  Describe 
the  conductors  and  the  method  in  which  they  are  mounted.  How  are  they  electri- 
fied ?    What  is  the  prime  conductor  ?    (371.)  Explain  tke  operation  of  the  y^^^'MiM. 
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lo^ang  the  negativ-e  fluid,  Tjecome  charged  .with  positive 
electricity. 

The  electrical  machine  may  be  arranged  to  produce  negative 
electricity  as  follows :  The  feet  of  the  table  are  insulated  by  being 
placed  upon  glass  supports,  and  the  prime  conductor  is  then  connected 
with  the  earth  by  a  metallic  chain.  This  chain  permits  the  positive 
electricity  to  flow  out  of  the  prime  conductor,  whilst  the  negative 
electricity,  being  unable  to  escape,  accumulates  upon  the  cushions,  / 
table,  and  frame  of  the  instrument. 

Measure  of  the  Quantity  of  Electricity  in  the  Machine. 

372.  The  quantity  of  electricity  in  the  prime  conductor 
may  be  shown  by  an  instrument  called  Hbnley's  electro- 
meter. 

This  electrometer  is  represented  on  the  left  of  the  drawing 
of  the  machine,  and  consists  of  a  vertical  support  of  wood, 
bearing  a  quadrant  divided  into  degrees.  At  the  centre  of 
the  quadrant  is  attached  a  small  arm  of  whalebone,  turning 
around  an  axis  and  terminating  in  a  pith  ball. 

When  the  machine  is  in  operation,  the  ball  rises  along  the 
quadrant,  and  by  its  divergence  from  the  vertical  indicates 
the  quantity  of  electricity  developed. 


■« 


Precautions  in  using  the  Machine. 

373.  After  the  prime  conductor  is  electrified,  if  we  cease  to  turn 
the  plate,  and  the  air  is  dry,  the  pith  ball  will  descend  slowly,  show- 
ing a  gradual  dispersion  of  the  electricity.  If  the  air  is  damp,  the 
ball  descends  rapidly,  showing  a  rapid  loss  of  electricity.  Elec- 
trical experiments  seldom  succeed  in  a  damp  day.  In  order  that 
they  should  be  successful,  the  instrument,  as  well  as  the  surround- 
ing  atmosphere,  ought  to  be  perfectly  dry. 

Electricity  will  be  developed  more  rapidly  if  the  cushions  are 


Bow  may  it  le  arranged  to  collect  negative  elecMcUyt  (3T2.)  How  is  the 
quantity  of  electricity  bn  the  prime  condnctor  indicated?  Describe  the  electrometer 
used.  Its  action.  (373)  Who*  ^eet  ha8,dampne8$  o»  the  deeekpmetUqfeleo-' 
tricUyt   Haw  U  the  eUctricUy  increased  t 
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covered  with  a  {>a8te  eomposed  of  sulphur  and  tin.  or  an  amalgam 
of  zino  and  mercury,  or  of  tin  and  mercury. 

Only  a  certain  amount  of  electricity  can  be  retained  on  the  prime 
conductor,  afler  which,  if  the  plate  is  tarned,  the  tension  becomes  so 
great  that  it  escapes  through  the  air  or  along  the  glass  legs  of  the 
oonduotor,  and  all  that  is  generated  continues  thenceforth  to  be  dissi- 
pated. The  electrometer  indicates  that  the  instrument  is  fully 
charged,  by  ceasing  to  rise,  and  remaining  stationary  as  the  plate  i& 
turned. 

Finally,  in  order  to  attain  the  best  possible  results,  the  machine 
should  not  be  placed  too  near  the  walls,  or  the  furniture  of  a  room, 
or  any  thing  upon  which  it  can  act  by  induction.  In  particular  all 
angular  objects  should  be  avoided.  The  prime  conductor  tends  to 
abstract  from  surrounding  objeeta  their  negative  eleetrieityy  and  to 
return  to  its  neutral  condition. 


Ils:980t 


The  effect  of  neighboring  bodies  may  be  illustrated  by  bringing 
a  metallie  point  near  a  charged  prime  conductor,  as  shown  in 
Fig.  255.  When  the  point  is  at  a  considerable  distance  from  the 
conductor,  the  electrometer  begins  to  fall,  showing  a  loss  of  electricity. 


Sow  do  u>6  tnow  tD^sn  fhs  prime  conductor  U  >%  eharffedf    Whai  U  flU 
ii'^ctqtn^hboringeonauetortf   SowiOuttraUdt 


Thii  may  be  explained  by  supposing  DogatiTe  electricity  to  flow  front 
tbe  point  (o  the  conductor,  in  accordance  with  what  hat  been  shown 

It  ia  sometimes  said  that  the  point  draws  ofi'  the  electricity  from 
the  conductor,  but  this  is  not  the,  cose;  the  point  abstracts  none  of 
the  positive  eleotrioity,  but  gives  to  the  conductor  negatire  eleo- 
tricity,  which  unites  with  the  positive  Quid  to  neutralize  it. 

Electrophoms. 

874.  The  ELECTROPHOBue  is  a  madmie  dae  to  Volxa, 
by  means  of  whicli  we  may  obtain  connderabU  qaaoUties  of 


Flg.SCi«. 

It  consists  of  two  pieces :  one  a  plate  of  resin  spread  on 

^itt  Hf  At  point.    (  874.)  Wlut  1>  HI  ElMCnpbanuT    DtHrlbe  it    Rwlllt 
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a  table  of  wood,  and  the  other  a  wooden  plate,  covered  with 
tin  foil,  and  provided  with  an  ioBiilating  handle  of  glass. 
It  is  repreBcnted  in  Figs.  256,  257,  and  258. 

To  nae  this  instrument  we  commence  by  rubbing  the 
resinous  plate  vigorously  with  a  cat's  skin,  as  shotrti  in 
Fig.  256.  Tliia  develops  negative  electricity  in  the  redn. 
We  thcp  apply  the  disk,  holding  it  by  its  handle.  Tlie  plate 
of  resin  acts  upon  the  disk  by  induction,  drawing  the  poa- 
tive  fluid  to  the  tin  foil  on  its  lower  face,  and  repelling  the 
negative  fluid  to  the  foil  on  the  upper  face.  In  this  por- 
tion, if  the  npper  fece  be  touched  with  the  finger,  as  shown 
in  Fig.  257,  the  negative  fluid  will  be  drawn  off  into  the 
body,  and  the  disk  will  be  charged  with  podtive  electricity. 


If  the  disk  be  nueed  from  the  resinous  plate  by  its  handle, 
and  touched  with  the  knuckle,  as  shown  in  Fig.  258,  a  spark 


irill  pass  which  is  due  to  tho  negative  electricity,  paBtdng 
from  the  body  to  the  pomtively  electrified  plate. 

If  now  ve  continue  to  repeat  the  manipalation,  exhibited  in 
FigB.  257  and  2S8,  a  Buocesaion  of  epitrks  may  be  obtaiaed  without 
the  QeceEsity  of  rubbing  the  resin  again  with  the  cat's  akin.  If  the 
sir  is  dry,  Ute  reain  will  continue  in  an  electrified  state  for  a  veijt 
long  time. 

If  the  disk  is  raised  from  the  resinous  plate,  without  touching  it 
with  t^e  (inser,  it  at  once  comes  to  a  neutral  state,  and  no  spark  can 
be  obtained. 

Oold-leaf  Eteotronieter. 

3TS.  The  G0LD-I.&AF  Electrometes  is  an  inatroment 
invented  by  Benset,  for  determining  whether  a  body  is 


ElectnmalfT  ? 


qftparlct  b*  elaaiMdt  (STtO  TWIs  lb*Qciia-Uir 
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electrified,  and  to  show  the  kind  of  electricity  with  which 
it  is  charged. 

it  consists  of  a  glass  bottle,  cloeed  at  the  top  by  a  coric, 
through  which  passes  a  large  copper  wire.'  This  wire  is 
terminated  at  its  top  by  a  copper  ball,  and  has  attached  to 
its  lower  extremity  tw6  slips  of  gold-leaf.  The  instrument 
is  represented  in  Fig.  259. 

The  cork  and  the  whole  top  of  the  hottle  are  covered  with  a  kind 
of  yamish,  made  by  dissolving  sealing-wax  in  aleohol.  The  varnish 
is  laid  on  with  a  brush,  and  serves  to  make  the  bottle  a  better  non- 
oonductor.  This  kind  of  varnish  is  often  used  in  electrical  experi- 
ments to  render  glass  non-oondocting.  Glass  in  a  dry  state  is  a 
good  non-conductor,  but  it  is  apt  to  condense  moisture  from  the  air 
so  as  to  become  a  conductor.  When  covered  with  any  resinous  var- 
nish,  this  trouble  is  removed. 

Bffethod  of  using  the  Gold-lestf  dectrcmieter. 

8Y6.  To  ascertain  whether  a  body  is  electrified,  we 
bring  the  ball  of  the  electrometer  near  it.  If  it  is  electri- 
fied, it  acts  upon  the  ball  and  its  stem  by  induction,  attract- 
ing the  fluid  of  a  contrary  name  into  the  ball,  and  repelling 
that  of  the  same  name  into  the  gold  leaves^  which,  being 
very  light  and  electrified  by  the  same  kind  of  fluid,  will 
diverge.  This  instrument  is  very  sensitive,*  showing  the 
slightest  amount  of  electricity.  To  ascertain  the  kind  of 
electricity  in  a  body,  proceed  as  before,  until  the  gold 
leaves  diverge,  then  touch  the  ball  with  the  finger.  The 
electrometer  is  then  charged  with  a  fluid  of  the  opposite 
name  to  that  in  the  body  to  be  experimented  upon.  Now 
let  a  glass  rpd  be  rubbed  with  woolen  cloth,  so  as  to  excite 
positive  electricity,  and  then  let  it  touch  the  ball  of  the 
electrometer.    If  the  leaves  diverge  more,  the  electricity 


Describe  it  Whif  U  ths  top  of  ths  botOs  varnished  t  Detoribe  the  vamUL 
(876.)  How  do  we  ascertain  wben  m  body  is  electrli&ed  by  tU»  faatniment?  De- 
•ei4>e  tbe  operstion  in  detail. 
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in  them  before  was  positive,  and  that  of  the  body  in  ques- 
tion waa  consequently  negative.  I^  however,  the  leaves 
approach  each  other,  the  electridty  in  them  before  waa 
negative,  and  conseqnently  that  in  the  body  experimented 
ttpon  was  positive. 

This  is  an  exceedingly  delicate  test,  &ud  one  of  great  practical 
value. 


meotrioal  Bpark.— Eleotrical  Shock. 
877.    An  Elbctkical  Spaek  is  a  brilliant  flash  of  light 
which  passes  when  a  conductor  approaches  a  highly-elec- 
trified body. 

itkiutt   (ST7-)  WhitliuKlMtilcdStukt 
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The  method  of  drawing  a  apark  from  the  prime  condactor 
is  shown  in  Fig.  260.  The  Bpiirk,  when  received  by  the 
human  body,  is  accompanied  by  a  eenaation,  called  an 
electrical    shock,    which    may   be  very  painful    and   even 

dangerooa. 

The  apark  ariaes  from  the  conibiDatioa  ot  the  two  contrary  fluids. 
Tho  positive  fluid  HCting  at  a.  dislance  by  induction,  drives  the  posi^ 
tivo  fluid  of  the  hand  to  the  earth,  and  the  body  of  tho  eiperiraeulcr 
becomea  negatively  electriSed.  When  the  tensions  of  the  positivq" 
electricity  of  the  machine  and  the  negative  electricity  of  the  body, 
overcome  the  resistance  of  the  air,  they  rush  together  with  a  sharp 
crack  and  a  bright  light  which  constitutes  the  spark.  When  ths 
electrical  maohine  is  powerful,  the  sparla  take  a  zig-zag  course,  Uks 
lightning  from  a  storm-cloud. 


Whotlsiiliock"     Whatittlie<^iH«i^thtKparli.t    BupkHitittiltlall. 
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The  Blaotrlosl  StooL 


818.  A  epark  may  be  drawn  from  the  homan  body  wlien 
properly  electrified.  For  this  purpose  an  Elbctbical  Sroot, 
that  is,  a  etool  insulated  by  means  of  glass  legs,  is  made  use 
o£,  as  shown  in  Fig.  2G1.  A  person  standing  on  the  Stool, 
and  taking  hold  of  the  prime  conductor,  becomes,  when  the 
plate  is  turned,  positively  electrified.  -  If  a  second  person 
now  attempts  to  shake  hands  with  the  first,  a  shock  will  be 
experienced,  and  a  spark  will  pass  between  them. 


^le  XQMtrioal  Ohinw. 

3»9.  The  Electrical  Chimb  is  a  collection  of  beUs  that 
are  made  to  ring  by  means  of  electrical  attractions  and 
repulsions. 

It  consists,  in  tlie  case  shown  in  ilg.  262,  of  three  bells 
suspended  from  a  horizontal  bar  of  wood,  m.  The  outer 
bells,  h  and  c,  are  suspended  by  metallic  chains,  and  the 

Ht     (8T9-)  What  lain  Electilal 
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middle  one  by  a  Bilk  cord ;  tbe  middle  bell,  moreover,  ia  con. 
nected  with  the  earth  by  means  of  a  metallic  chain.  Be- 
tween the  bells  are  two  balls  of  metal,  suspended  &om  the 
bar,  m,  by  a  cord  of  silk.  The  entire  apparatus  is  connected 
vith  the  prime  conductor  of  an  electrical  machine,  as  shown 
in  Fig.  262. 

When  the  machine  is  turned,  the  onter  bells  become  posi- 
tively electrified,  and  attract  the  balls,  which  impinge  against 
them,  become  electrified,  and  are  immediately  repelled, 
Striking  against  the  middle  bell,  where  they  lose  their  charge, 
and  are  again  attracted  to  the  extreme  bells,  and  again 
repelled.  This  alternate  attraction  and  repulsion  of  the 
balls  keep  up  the  ringing  as  long  as  the  plate  is  turned. 


Eipldn  tba  uU<m  of  tha  ilHtrieil  eblaw. 
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The  Electrical  Puppet. 

880.  The  Electrical  Puppet  consists  of  a  little  figure 
which  is  made  to  dance  by  means  of  electrical  attraction  and 
repulsion. 

It  consists  of  a  light  image  made  of  elder  pith,  or  some 
similar  substance,  placed  between  two  metallic  plates,  one 
of  which  is  in  connection  mth  the  prime  conductor  of  the 
machine,  and  the  other  with  the  earth  by  means  of  a  chain, 
as  shown  in  Fig.  263. 

When  the  machine  is  turned,  the  upper  plate  is  electrified, 
and  attracts  the  image  to  it.  The  image  is  charged  and 
immediately  repelled  to  the  lower  plate,  where  it  loses  its 
electricity,  and  is  again  attracted  to  the  upper  plate,  and  so 
on,  dancing  up  and  down  as  long  as  the  plate  is  turned* 


The  Bleotrioal  WheeL 


881.  The  Electrical 
Wheel  consists  of  four 
or  more  arms,  bent  in  the 
same  direction,  and  at- 
tached to  a  small  cap, 
which  is  free  to  rotate 
about  a  pivot. 

This  pivot  is  attached 
to  the  prime  conductor, 
or  else  to  a  metallic  sup- 
port, connected  with  the 
conductor.  Fig.  264  re-, 
presents  such  a  wheel.  It 
is  a  reaction  wheel,  and  is 
made  to  turn  by  the  es- 


Fig.  264. 


(380  )  What  is  the  Electrical  Pnppetf    Deecribe  it    Explain  its  action.    (  881.) 
What  is  the  Electrical  Wheel  ?    Deecribe  It    Explain  its  action. 
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cape  of  electricity  from  the  points.  When  the  miichine 
is  turned,  the  prime  conductor  and  the  wheel  become  elec- 
trified ;  the  tension  of  the  electricity  at  the  points  becomes 
very  great,  and  finally  escapes  with  a  force  that  causes  the 
wheel  to  revolve  in  a  direction  indicated  by  the  arrow-head, 
that  is,  in  a  direction  contrary  to  that  in  which  the  points 
are  bent.  The  wheel  does  not  turn  in  a  vacuum,  which 
shows  that  electricity  escapes  irom  pomts  in  a  vacuom  with- 
out resistance. 

The  Blsotilcal  Sgg. 

8SS.    The  ElectiUcai.  Eoa  is  an  egg-shaped  %ht,  pro- 
dnced  by  a  flow  of  electridty  through'a  vacuum. 


(3830  Wlut  Is  th«  EleetrlCid  Sggt 
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The  method  of  exhibiting  this  light,  and  the  apparatus  em- 
ployed, are  shown  in  Fig.  265*  The  apparatus  consists  of  a 
hollow  globe  or  oval  of  glass,  containing  two  small  metallic 
spheres  of  metal  at  some  distance  apart.  The  upper  one 
cohununicates  wdth  the  prime  conductor,  and  the  lower  one 
w  ith  the  earth.  The  globe  may  be  deprived  of  its  internal 
air  by  means  of  the .  air-pump.  Then,  if  the  electrical  ma- 
chine be  turned,  a  flow  of  electricity  will  take  place  from 
the  machine  to  the  earth  through  the  two  balls,  and  because 
the  balls  are  in  a  vacuum  there  will  be  no  obstruction  to  the 
flow.  If  the  experiment  is  made  in  a  darkened  room,  a 
beautiful  violet-colored  light  will  be  seen  between  the  two 
balls,  of  the  shape  sho^m  in  the  figure. 

The  Electrical  Square. 

383.  The  Electrical  Square  consists  of  a  square  plate 
of  glass,  upon  one  surface  of  which  a  thin  strip  of  tin  foil  is 
fastened,  running  backwards  and  forwards  across  the  plate, 
as  shown  by  the  black  line  in  Fig.  266.  One  end  of  this 
strip  of  tin  is  made  to  connect  with  the  prime  conductor  of 
the  electrical  machine,  and  the  other  end  is  made  to  com- 
municate with  the  earth  by  a  chain.  The  square  is  insulated 
by  legs  of  glass. 

When  the  machine  is  turned,  a  current  of  electricity  flows 
through  the  strip  of  tin  from  the  machine  to  the  earth,  and 
no  spark  is  given  out.  If,  however,  the  tin  is  broken  at  any 
point,  there  will  be  a  succession  of  sparks  at  that  point, 
which  will  be  so  close  together  as  to  produce  a  continuous 
light.  F,  now,  the  tin  be  broken  by  a  penknife  so  that  the 
points  of  rupture  are  arranged  in  a  definite  figure,  as  that 
of  a  flower,  for  instance,  a  continuous  light  will  be  seen  at 
each  of  these  points,  and  the  figure  will  appear  as  if  traced 
upon  the  glass  with  fire.     Any  kind  of  figure  may  be  drawn, 


ExplAin  the  method  of  exhibiting  it.     (3830  '^^^^^  ^  ^«  Electrical  Sqiurer 
Describe  it    Explain  ita  action. 
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or  words  may  be  written  on  the  glass.     Tho  experimait 
is  more  Btriting  in  a  darkened  room. 

l%e  Sleotrical   Oannon. 

8S4.  The  Electricai.  Cannon  is  a  small  cannon  which 
is  discharged  hj  means  of  the  electrical  apark. 

Thin  cmnon  is  need  not  only  as  an  electrical  recreation,  bat  it 
serves  also  to  demonBtrate  an  important  Bcientiflo  fact,  viz. :  that  the 


(  384.1  ■WhWta  UwTtwMwA^ 
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electric  spark  is  capable  of  prodacing  chomtiml  reactions.  For  ex- 
Kmplei,  -water  is  formed  of  oiygen  and  hydrogen  gaaes  in  the  proper^ 
tion  of  two  Tclurnes  of  the  fonnur  to  one  volume  of  the  latter.  Now 
if  thoK  two  gases  be  miied  in  this  proportion,  and  an  electrical 
spuk  be  pttssed  through  the'  mixture,  the  gafea  instantly  unite  and 
form  water.  Moreover,  the  combination  takes  place  with  a  brilliant 
flMb  oi  light  and  a  loud  report,  the  report  being  due  to  the  expaniivo 
farce  of  the  vapor  which  is  produced  at  the  moment  of  combination. 
It  ii  upon  ttaesB  principles  that  the  electrical  cannon  represented  in 
Kg  S67  la  constructed 


It  consists  of  a  ainall  copper  cannon  mounticd  on  it  stem 
of  glass.  In  the  vent  of  the  cannon  is  a  tube  of  glass, 
through  which  passes  a  copper  wire.  This  wire  terminates 
externally  in  a  ball,  and  intenially  it  terminates  near  the 
metal  of  the  cannon  without  touching  it.  The  whole  com- 
municates with  the  earth  by  a  chain. 


lUuttratt.   Dwortlwll, 
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To  use  the  instrument,  it  is  filled  with  a  mixture  of  oxygen 
and  hydrogen  in  the  proportions  to  fonn  water,  and  the 
muzzle  is  then  closed  by  a  cork.  K  a  charged  electrophorus 
is  brought  in  contact  with  the  ball,  a  spark  passes  between 
them,  and  another  between  the  internal  extremity  of  the 
wire  and  the  metal  of  the  cannon.  This  spark  causes  an 
explosion  and  drives  out  the  cork. 

A  Bimilar  apparatus,  called  Volta's  pistol,  is  used  for  exploding 
a  mixture  of  oxygen  and  hydrogen,  or  of  air  and  hydrogen.  It  is 
nothing  more  than  a  sheet-iron  cylinder  loosed  by  a  cork.  It  is 
exploded  by  touching  its  button  to  the  prime  conductor  of  an  electri- 
cal machine. 


IT.  —  ACCUMULATION      OF     ELECTBICITT. 

I 

Electrical  Condenser. 

885.  An  Electtbical  Condenseb  is  an  apparatus  em- 
ployed for  the  accumulation  of  electricity. 

They  are  of  various  forms,  but  are  all  essentially  com- 
posed of  two  conductors  separated  by  an  insulator.  The 
condenser  of  Epinus  may  serve  as  a  type  of  this  class  of 
apparatus. 

Oondenser  of  Splnns. 

886.  The  CoNDENSEB  OP  Epinus  is  composed  of  two 
metallic  plates,  A  and  B,  Fig.  268,  standing  upon  supports 
of  glass,  with  an  intervening  plate  of  glass,  C,  somewhat 
larger  than  either  of  the  metallic  plates.  These  several 
plates  are  so  mounted  that  the  plates  A  and  B  may  be  made 
to  approach  to,  or  recede  from  the  plate  C. 


How  la  It  QBed?    DeMrihe  Volta's  pistol.    (385.)  What  is  an  Electrical  Con- 
denser r    (386.)  Describe  the  Condenser  of  Epxnub. 
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Uethod  of  tudng  ths  OondonMr. 

38T.    To  use  the  condenser,  the  plates,  A  and  B^  are 

moved  up  to  toucli  tlie  plate,  C,  as  shown  in  Fig.  269.    The 


( 3BT.>  Deaarlbt  Oie  method  q(  \uAne  It,  Va  AiA^il. 
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plate,  Sj  is  made  to  communicate  with  the  prime  condactor 
of  an  electrical  machine,  and  the  plate,  A^  with  the  earth. 
The  electrical  machine  is  then  put  in  motion,  which  charges 
the  plate,  JSy  with  positive  electricity.  Were  it  not  for  the 
plate,  Ay  the  quantity  of  electricity  on  each  unit  of  sur&ce  of 
JS  would  be  the  same  as  on  a  unit  of  Bnrfsce  of  the  prime 
conductor ;  but  the  presence  of  the  plate.  A,  modifies  this 
result. 

The  plate,  ^,  acts  by  induction  upon  Ay  and  drives  its 
positive  electricity  to  the  earth,  retaining  its  negative 
electricity  by  the  force  of  attraction.  The  negative  elec- 
tricity of  A  now  reacts  upon  JB,  partially  neutralizing  the 
effect  of  its  positive  electricity.  The  electricity  of  JB  being 
partially  neutralized,  no  longer  holds  that  of  the  prime  con- 
ductor in  equilibrium,  and  an  additional  quantity  ^f  the 
positive  fluid  flows  into  it,  which,  acting  as  before,  di-aws 
into  Ay  from  the  earth,  an  additional  quantity  of  the  negative 
fluid,  and  so  on.  In  this  way  there  is  gradually  accumulated 
upon  J^  and  Ay  large  quantities  of  the  positive  and  negative 
fluids. 

When  the  apparatus  is  fully  charged,  we  cut  off  the  com- 
munication between  A  and  the  earth,  then  that  between  £ 
and  the  machine,  by  taking  away  the  chains.  In  this  condi- 
tion the  two  electricities  on  A  and  JS  show  no  effects,  but 
simply  hold  each  other  in  equilibrium.  There  is,  however, 
in  consequence  of  the  intervening  glass  plate,  an  excess  of 
electricity  in  ^,  as  is  shown  by  the  electrical  pendulum,  5, 
placed  in  connection  with  it.  A  similar  pendulum  placed  in 
connection  with  Ay  gives  no  such  indication. 

If,  now,  the  plates  be  separated,  as  shown  in  Fig.  268,  both 
electrical  pendulums  will  diverge,  as  they  should  do,  because 
the  two  electricities  no  longer  hold  each  other  in  equilibrium. 
In  this  condition  the  electricities  of  the  two  plates  may  be 


Explain  Its  theory.    How  may  it  be  shown  that  the  two  plates  are  differently 
charged  ? 
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tested  and  shown  to  be  opposite.  If  a  rod  of  glass  be 
rubbed  with  silk  and  brought  near  the  pendulum  upon  J5,  it 
will  be  repelled,  indicating  positive  electricity;  if  it  be 
brought  near  the  pendulum  upon  A,  it  will  be  attracted, 
indicating  negative  electricity. 

Slow  discharge  of  the  Condenser.^InBtantaneotui  discl^arge. — 

Discharger. 

388.  The  condenser  being  charged  and  placed  as  in 
Fig.  269,  may  be  discharged,  that  is,  brought  back  to  its 
neutral  state,  in  two  ways.  Firsts  by  successive  contacts,  in 
"which  case  the  discharge  takes  place  slowly ;  or  secondly ^ 
by  connecting  the  plates  A  and  -B  by  a  conductor,  in  which 
case  the  discharge  is  instantaneous. 

If  the  plate,  A^  is  touched,  no  electricity  is  drawn  off, 
because  all  that  it  contains  is  held  in  equilibrium  by  that  in 
the  plate,  j5.  If,  however,  the  plate,  j5,  is  touched,  all  of 
its  free  electricity,  that  is,  all  which  is  not  neutralized  by 
that  in  the  plate,  A^  is  drawn  off.  After  this,  a  certain  un- 
neutralized  portion  of  electricity  will  exist  upon  A^  which 
will  be  indicated  by  the  pendulum.  By  continuing  to  touch 
the  plates  alternately^  the  whole  charge  may  be  drawn  off 
in  small  quantities. 

To  obtain  an  instantaneous  discharge,  we  might  touch  one 
plate  with  one  hand  and  the  other  plate  w4th  the  other 
band,  when  the  two  fluids  would  flow  through  the  body  and 
neutralize  each  other  ;  this  method  produces  a  shock  much 
more  powerful  than  that  produced  by  the  simple  spark  from 
the  prime  conductor. 

To  avoid  this  shock  we  make  use  of  a  discharger,  A  dis- 
charger consists  of  a  heavy  wire  bent  into  an  arc,  terminated 
at  its  two  ends  by  balls,  and  having  a  hinge  joint  in  the 


(388.)  In  how  many  ways  may  a  condenser  be  discharged?  Describe  the  first 
method.  The  second  method.  Describe  the  method  by  successive  conUcts.  How 
may  it  be  instantaneously  discharged  ?    What  is  a  discharger,  and  what  is  Its  use  t 
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middle,  so  that  it  can  be  folded  upon  itself  as  shown  in 
Fig.  271.  It  is  usually  provided  with  a  glass  handle,  by 
which  it  is  held. 

To  discharge  the  condenser,  one  ball  is  brought  in  contact  with 
one  plate,  and  being  held  there,  the  discharger  is  folded  so  that  the 
other  ball  will  touch  the  second  plate.  At  the  instant  of  contact  a 
spark  is  emitted,  arising  from  the  combination  of  the  two  flnids,  which 
takes  place  through  the  discharger.  No  shock  is  felt,  because  the 
electricity  does  not  pass  through  the  body  as  in  the  previous  case. 

Limit  of  the  Charge  in  a  Condenser. 

S89.  Two  circumstances  limit  the  amount  of  electiUty 
that  maybe  accumulated  in  a  condenser.  Mrst,  the  un- 
balanced electricity  in  the  plate,  J9,  goes  on  augmentbg 
with  the  charge,  until  at  last  its^  tension  becomes  equal  to 
that  on  the  prime  conductor,  after  which  no  more  can  flow 
into  the  condenser  from  the  machine.  Secondly^  the  two 
electricities  on  the  plates,  A  and  £,  tend  to  unite  with  an 
energy  which  goes  on  augmenting  with  the  accumulation 
of  electricity  on  the  plates,  and  may  ultimately  become  so 
great  as  to  break  through  the  glass  and  thus  cause  a  union 
of  the  two  fluids. 

The  Leyden  Jar. 

890.  The  Lkyden"  Jab,  named  from  the  city  where  it 
was  invented,  is  a  condenser,  difiering  only  in  form  from 
that  which  has  been  described. 

In  its  improved  form  it  consists  of  a  bottle  or  jar  of  thin 
glass,  as  shown  in  Fig.  270,  nearly  covered  on  its  outside 
with  tin  foil,  and  nearly  filled  within  by  loose  tin  foil,  or  some 
other  metallic  substance  in  a  loose  state.  A  wire  passing 
through  the  cork  extends  to  the  metallic  filling  within,  and 

terminates  externally  in  a  sphere  of  metal  called  the  ImttarL 

» 

Sow  U  it  employed  r    (389.)  What  circnmstances  limit  the  ehmrge  in  a  eoi- 
denser  r    (  890.)  What  is  the  Leyden  Jar  ?    Describf^  It 
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This  is  a  condenser  in  which  the  glass  of  the  bottle  serves  as  an 
insulator,  whilst  the  metallic  substances  within  and  without  corrc- 
spond  to  the  metallic  plates  in  the  instrument  already  described. 
The  interior  metal  corresponds  with  the  plate,  B,  and  may  be  called 
the  collector,  whilst  the  external  metal  corresponds  with  the  plate,  A, 
What  has  been  said  of  the  condenser  holds  good  for  the  Ley  den  jar. 


Fig,2T0. 

The  Leyden  jar  is  charged  by  holding  the  outer  tinned 
part  in  the  hand,  and  bringing  the  button  in  contact  with 
the  prime  conductor  of  an  electrical  machine,  as  shown  in 
Fig.  270.  The  positive  fluid  is  accumulated  in  the  interior, 
and  acts  by  induction  upon  the  outer  coating,  which  becomes 
negative,  the  positive  fluid  in  that  coating  being  conveyed 
away  by  the  hand  through  the  body.  As  in  the  condenser, 
the  two  fluids  react  so  as  to  accumulate  a  large  quantity  of 
positive  electricity  on  the  inside  of  the  jar,  and  of  negative 
electricity  on  the  outside. 

After  the  jar  has  been  charged,  if  it  be  held  in  one  hand  whilst 
the  other  is  brought  in  contact  with  the  button,  a  shock  will  be  felt 
through  the  arms  and  body,  and  the  jar  will  return  to  its  neutral 
state.     When  it  is  desirable  to  discharge  the  jar  without  the  shocks 


Row  (Jo6»  U  resemble  a  condenser  f    How  is  the  \ax  diKt%«&1    'Cis$ai(&  ^QftA 
iheorjr.    S&w  is  it  discharged  T 
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the  disch&rger  is  used,  u  shown  in  Fig.  271.    One  ball  of  the  dii- 
chaigei  is  mode  to  touch  Uie  ouler  coating,  and  the  other  u  thea 


brought  in  oontact  with  the  bntton.    In  this  case  there  is  a  ipufc 
emitted,  and  the  jar  retunie  to  its  neutral  condition. 

Slectilcal  Battery. 

891.  An  Electbical  Baitebt  conaistB  of  an  assemblage 
of  Leyden  jars  bo  connected  as  to  act  like  a  single  condenser, 
as  shown  in  Fig.  2J2. 

The  jars  are  placed  in  a  boz  whose  bottom  is  lined  with 
metal,  which  serves  to  connect  their  outmde  snr&ces.  Thdr 
indde  aurfaoea  are  brought  into  communication  hy  connect- 
ing the  several  buttons  with  metallic  rods. 

In  batteries  the  jars  are  made  large,  and  are  covered  within  and 
without  with  tin  foil,  the  interior  lioing  being  brought  into  commu- 
nication with  the  button  of  each  jar  by  a  metallia  chain.     Upon  one 

<3&1.)  W1uitlaanE1ectTlcslE>U«7T    Duulbelt.     Whattitulofjanartumi 
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of  the  buttons  is  placed  an  electrical  pendulum;  which  indicates  the 
excess  of  the  fluid  on  the  inner  over  tha^t  on  the  outer  surface. 

The  battery  is  charged  in  the  same  manner  as  the  condecser  of 
Epihub  {Art.  391).  When  ohorgedj  the  chaina  are  remoTad  by  a 
book  with  a  glass  handle. 


.Fig.  am 


In  discharging  an  electriea]  battery,  a  discharger  is  used  with  two 
glass  handles,  as  shown  in  Fig.  S76.  Care  should  be  taken  to  touch 
the  cilernal  covering  before  touching  the  common  button  with  the 
discharger. 

Ooudensing  EleetrometM'. 

803.  The  gold-leaf  electrometer,  shown  in  Fig.  259,  is 
very  sensitive,  but  it  may  be  rendered  still  more  so  by  tbe 
addition  of  two  diaks  or  condensing  plates,  as  shown  in 
Figs.  273  and  274.  The  inferior  disk  is  attached  perma- 
nently to  tbe  stem,  t,  which  supports  the  strips  of  gold-leaf. 
Tbe  Baperior  disk  has  a  glass  handle  by  which  it  can  be 
removed  at  pleasure.    The  two  disks  are  of  brass,  coated 

t    aba  lAarfftdl    B<ne  dttdiarttit    (39X.)  WlutlBsOoa- 
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with  Tarnish,  which  eerres  as  an  insulator,  taking  the  jdace 
of  the  glass  platei  in  the  condenserB  already  desciibed. 


Fig,  i13.  Fig.  STi. 

bat  being  very  thin,  the  condendng  power  is  much  ang- 
mented. 

Uio  of  tha  Ooademing:  Electrometar. 

303.  To  use  the  condenBing  electrometer  for  detecting 
small  quantities  of  electricity,  we  place  the  upper  disk  upon 
the  lower  one,  aa  shown  in  Fig.  273,  then  using  the  lower 
disk  aa  a  .collector  we  bring  it  into  contact  with  the  body 
to  be  experimented  upon.  At  the  sante  time  we  establish 
a  connection  between  the  upper  disk  and  the  earth,  by 
touching  it  with  the  finger, 

(SBSOHoirliaH 
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In  Fig.  273,  the  body  experimented  upon  consists  of  two  plates, 
one  of  zinc,  and  the  other  of  copper^  fastened  together.  We  shall 
see  hereafter,  that  by  a  simple  contact  of  two  such  plates,  the  zino 
is  positively,  and  the  copper  negatively  electrified.  This  last  metal 
then  being  brought  into  contact  with  the  inferior  plate,  yields  its 
negative  electricity,  which  acting  by  induction  through  the  varnish, 
renders  the  upper  plate  positive.  When  the  two  electricities  have 
accumulated  upon  the  plates,  we  first  withdraw  the  finger,  and  then 
the  plate  cz.  If  the  upper  plate  be  lifted  off,  the  negative  electricity 
wMch  was  before  held  in  equilibrium,  becomes  fre.e^  and  the  gold 
leaves  diverge,  as  shown  in  Fig.  274. 

In  this  manner  quantities  of  electricity  may  be  disoovered  so  small 
as  to  be  unnoticed  by  the  simple  electrometer. 


T.  — EFFECTS      OF      ACCVHULATEO      ELBCTBIOITT. 

JPhysiological  BfiiBcts  of  Sleoftiioity. 

894.  The  physiological  effects  of  electricity  are  the 
effects  which  it  produces  on  men  and  animals.  They  con- 
nst  of  muscular  contractions,  accompanied  by  a  greater  or 
less  amount  of  pain,  according  to  the  power  of  the  electrical 
apparatus* 

When  we  receive  a  simple  spark  from  the  prime  conductor,  we 
experience  only  a  slight  slinging  sensation ;  with  a  small  Leyden 
jar,  the  pain  is  felt  extending  up  the  arms  to  the  elbows  or  shoulders ; 
with  a  more  powerful  jar  or  a  battery  the  shock  is  felt  through  the 
arms  an4  chest,  and  may  be  sufficient  to  produce  death. 

An  electric  shock  may  be  given  to  a  great  number  of  persons  at 
the  same  time.  To  that  end  they  form  a  chain  by  taking  each  other 
by  the  hand,  as  shown  in  Fig.  275 ;  then  the  person  at  one  end 
takes  a  Leyden  jar  in  his  hand :  the  circuit  is  completed  by  the 
person  at  the  other  end  of  the  chain  touching  the  button  of  the  jar, 
A'hen  the  shock  is  felt  simultaneously  throughout  the  ring.     Nollet 


Explain  Fig.  278.  What  are  the  ad'oatUagf  offMi  ins^mmtnt  t  (  8940  What 
ftT»  the  physiolo^oal  effects  of  electricity?  J>t9criX>tthtAoek,  Bow  may  ih€  ditotk 
he  gi06ii>  to  a  number  o/pereonef 
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ndmiiiistcred  in  tins  manner,  in  the  prcaence  af  Louis  XV,, 
tricol  shock  to  BD  entire  regiment  of  soldiera. 


With  A  battery,  tne  shoch  becomes  co  powerful  u  to  render  it 
dangerous  to  attempt  receiving  it.  With  a  battery  of  only  six  J&n 
of  mean  size,  it  would  be  hazardous  to  receive  the  shock.  With 
more  powerful  batteries,  cats,  dogs,  and  even  stronger  animals  may 
be  killed  by  a  single  shock.  Fig.  ST6  represents  a  dog  kilted  by* 
shock  from  a  battery  of  nine  jars.  The  metallic  collar  of  the  dog  ii 
connected  with  the  exterior  coating  of  the  battery,  then  one  ball  of 
the  discharger  is  placed  near  the  poatorior  part  of  the  dog's  spinal 
column,  after  vrhich  the  circuit  is  complcled  by  touching  the  button 


Jteamplti,     VAul  it  fkt  ffftri  vf  a  >Aiid£  ftvm  a  pomrfal  iatterj/ 1    Xtflat* 
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of  the  battery  with  the  other  ball  of  the  discharger.    The  animal  is 
kiUed  inatantly. 

In  the  Museum  at  Harlem,  in  Holland,  is  a  battery  whose  di»- 
charge  la  capable  of  killing  on  ox.    There  ii  also  a  Tsry  powerful 


battery  in  the  Conservatory  at  Paria,  which  was   given  to  it  by  the 
Fhysioiit  Charles. 

Beating  Power  of  Electricity. 

395.  The  heat  developed  by  electricity  is  sufficient  not 
only  to  inflame  ether,  gunpowder,  and  the  like,  hut  also  to 
melt  and  volatilize  the  metals. 

Fig.  277  represents  the  manner  of  inflaming  ether.  The 
ether  is  poured  into  a  glaBS  vase,  through  the  bottom  of 


li  bull  derclopcd  ij  •lutrldtyt 
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which  passes  a  metallic  wire,  terminating  in  a  button.  The 
wire  is  connected  hj  a  chain  with  the  outer  covering  of  a 
Leyden  jar.  When 
the  circuit  is  com- 
pleted by  touching 
the  button  of  the  ap- 
paratus with  that  of 
the  jar,  a  spark  is 
given  off,  and  heat 
enough  developed  to 
inflame  the  ether. 

This  experiment  suc- 
ceeds with  a  very  small 
jar,  or  even  a  simple 
epark  from  the  prime 
cond actor.  The  experi- 
ment may  be  made  more 
interesting  by  standing 
upon  the  electrical  stool 
(Fig.  261),  and  inflam- 
ing the  ether  with  the 
finger.  The  ether  may 
be  inflamed  by  a  spark 
from  a  piece  of  ice  held 
in  the  hand. 


Fig.  277. 


When  an  electrical  battery  is  discharged  through  a  fine 
metallic  wire,  it  may  be  melted  or  even  volatilized,  according 
to  the  power  of  the  battery. 

In  performing  this  experiment  it  will  be  best  to  use  the  universal 
discharger.  This  instrument  and  the  manner  of  using  it,  are  shown 
in  Fig.  278.  The  discharger  consists  of  two  copper  wires,  A  and  JB, 
mounted  upon  glass  supports.  The  wires  can  slide  freely  through 
the  rings  that  hold  them,  and  can  furthermore  be  turned  about  hinge 


What  wtriaUon may  h& made  in  U?    How  may  a  wire  be  malted?    Jlqpfoi»fJI« 
conttrueUon  and  U96  (tftht  universal  diwhargmr. 
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joints,  M  u  to  briug  their  battona  as  ueor  u  may  bo  deatred  to  tnj 
bodr  th&t  is  placed  upon  the  staad,  M. 

To  melt  ft  wire  by  electricity,  we  attach  it  to  the  two  intier  but> 
tons  at  i,  then  connect  one  of  the  vrireB,  A,  for  example,  with  the 
ext«nor  coating  of  the  battery,  and  complete  the  circuit  by  eonnect- 
ing  B  with  the  bottoa  of  one  of  tha  jan  of  tho  battery.     Thii  im 


effected  in  the  manner  shown  in  the  figure,  the  connecting  chain 
being  managed  by  means  of  a  liadk  with  a  glese  handle.  At  tho 
instant  of  contact,  tho  wire,  if  fine  enough,  ia  melted  into  globulei, 
and  even  Tolatilized,  that  is,  reduced  to  vapor,  which  disappears  in 

When  the  wire  is  a  little  larger,  it  simply  becomes  red  hot  and 
Cives  forth  a  brilliant  light ;  if  still  larger,  it  becomes  heated  with* 
oat  being  Inminons.    Fine  and  short  wires  may  be  melted  under 


i»  04  tif4rim4Kl^nHUitf  a  win  l>td*laa^ 
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nanner  ai  id  air,  but  the  experiment  is  j 


Mechmiiowl  Effect!  of  Eleotridly. 

S06,  The  MECHAincAi.  Effects  of  Electbicitt  are 
manifeated  Then  large  charges  of  electricity  are  passed 
through  imperfect  conductors.  They  consist  of  violent 
ezpanuons,  with  tearing,  fracturing,  and  the  like. 

Thne  effects  are  generally  exhibited  by  placing  the  body  upon  the 
plate,  Jli,  of  the  univeraal  diteharger  (Fig.  K78),  and  then  passijig  a 


Fig.  sra 


powerftil  charge  from  a  battery  through  it.    In  this  way  a  imall 
block  of  wood  may  be  torn  to  aplinleni  in  an  inalanl. 

Fig.  279  reprcBcnts  an  apparatus  by  means  of  which  a  hole  may 
be  torn  in  a  card  by  using  a  single  Leyden  jar.  A  card  is  placed  at 
the  top  of  a  glass  cylinder,  beneath  which  is  a  wire  projecting  from 
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a  metallic  plate.  The  plate  connects  by  a  chain  with  the  exterior 
coating  of  the  jar.  Above  the  card  is  a  second  wire  which  is  insu- 
lated in  the  manner  shown  in  the  figure.  When  the  circuit  is  com- 
pleted, by  touching  the  upper  wire  with  the  button  of  the  jar,  a  shock 
follows,  and  the  card  is  found  to  have  been  pierced  as  if  run  through 
by  a  needle  or  pin. 

To  pierce  a  plate  of  glass  requires  a  large  battery.  The  battery 
belonging  to  Harlem  Museum  (Art.  394),  is  capable  of  piercing  a 
book  of  four  hundred  pages. 

A  partial  account  of  the  chemical  effects  of  electricity  has  been 
given  in  speaking  of  the  electrical  cannon.  More  on  this  subject  will 
be  given  when  we  come  to  treat  of  the  effects  of  the  Voltaic  pile. 


VI.  —  ATMOSPHERIC      ELECTRICITY. 

Identity  of  Zjightning  and  the  Bleetiioal  Spark. 

397.  Fkanklin  published  a  memoir  in  1749,  showing 
the  complete  parallelism  between  the  electricity  of  the 
clouds  and  that  of  the  electrical  machine.  In  that  memoir 
he  suggested  that  the  electricity  of  the  clouds  might  be 
attracted  to  the  earth  by  means  of  points,  and  recommended 
that  the  experiment  should  be  made. 

In  accordance  with  that  suggestion,  the  experiment  was 
first  made  by  Daubard,  in  May,  1762.  He  erected  in  his 
garden  a  rod  of  iron  about  forty  feet  high,  having  its  upper 
extremity  terminating  in  a  point.  After  the  passagt;  of  a 
thunder  cloud,  the  rod  was  found  to  be  electrified,  and  for 
the  space  of  fifteen  minutes  sparks  were  drawn  fi:om  it,  which 
wpre  used  in  charging  several  Leyden  jars. 

About  a  month  later,  Franklin,  without  any  knowledge 
of  the  discovery  of  Dalibard,  succeeded  in  attracting 
electricity  from  a  cloud  to  the  earth.  He  raised  a  silken 
kite,  just  before  a  coming  thunder  storm.     The  string  of 


Of  piercing  a  plats  ofglaM.  (  397.)  Who  first  showed  the  Identity  of  lightnlog 
And  electricity?  Explain  Dalibaed'b  experimenta.  Expldn  FBAKKLnrB  ezpert- 
znenta. 
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the  kite  was  of  hemp ;  attached  to  the  lower  end  of  it  was 
a  small  key,  and  fiutened  to  the  key  was  a  silken  cord,  bj 
which  the  kite  might  be  insulated.  It  was  only  after  the 
string  became  damp  from  the  idling  rain  that  the  kej 
showed  signs  of  being  electrified.  He  was  at  last  rewarded 
by  obtaining  an  electric  spark.  So  great  was  his  joy  that 
he  could  not  refrain  from  bursting  into  tears. 

The  complete  identity  between  lightning  and  the  electric 
spark  was  thus  established,  and  all,  even  Daltbarp  himself 
unite  in  attributing  to  Fuajstkun  the  honor  of  the  dis- 
covery. 

Atmospherio  XDeotrioity. 

808*  The  existence pf  atmospheric  electricity  is  not  con- 
fined to  clouds  alone,  for  it  often  exists  in  the  atmosphere 
when  no  trace  of  a  cloud  is  visible.  In  this  case  the  elec- 
tricity is  positive.  It  is  most  abundant  in  open  spaces  and 
at  considerable  elevations.  In  houses,  in  the  streets,  under 
trees,  and  in  sheltered  localities,  no  trace  of  free  electricity 
is  discoverable.  During  storms  the  electricity  of  the  air  is 
sometimes  positive  and  sometimes  negative.  All  clouds  are 
supposed  to  be  electrified,  some  positively  and  some  nega- 
tively. 

The  electrical  condition  of  clouds  may  be  determined  by 
metallic  rods,  by  kites,  or  by  small  balloons  held  by  a  string 
in  the  hand. 

The  eleetrical  state  of  the  atmosphere  may  be  determined  in  a 
great  variety  of  ways.  M.  Becqubrel  employed  for  this  purpose 
the  gold-leaf  electrometer  shown  in  Fig.  259.  Instead  of  the  button 
he  used  a  stem  of  metal,  attaching  to  its  upper  end  a  fine  and  flexible 
wire.     To  the  second  extremity  of  the  wire  he  fastened  an  arrow, 


(  398.)  What  ia  the  nature  of  the  electricity  of  the  air  ?  Where  Is  it  most  abnnd- 
aatr  What  is  the  state  of  the  atmosphere  daring  storms  f  How  Is  the  eleetrical 
eonditlon  of  the  donds  dttannined?    Mow  U  theOeetricdl  ttaU  qf  the  akmot^ktf 
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which,  being  shot  from  a  bow,  ascended  into  the  atmosphere,  draw- 
ing the  wire  with  it.  When  the  arrow  was  shot  directly  upwards, 
the  divergence  of  the  gold  leaves  indicated  the  existence  of  free 
electricity,  and  the  nature  of  this  electricity  was  tested  as  already 
explained. 

Lightning  and  Thundei; 

899.  Lightning  is  nothing  else  than  an  elongated 
electrical  spark,  which  passes  between  two  differently  elec- 
trified clouds  when  brought  near  each  other.  Sometimes 
a  discharge  takes  place  between  a  cloud  and  the  earth ;  this 
is  called  a  thunderbolt. 

A  flash  of  lightning  is  often  of  great  length,  and  as  it  takes  place 
along  the  line  of  least  resistance,  it  gener«,lly  follows  a  zig-zag  path, 
as  is  often  the  case  with  the  spark  from  a  Leyden  jar.  When  a  flash 
of  lightning  is  seen  in  the  lower  regions  of  the  atmosphere,  it  has  a 
brilliant  white  color;  but  in  the  higher  regions,  where  the  air  is 
rarefied,  it  assumes  a  violet  hue,  similar  to  that  of  the  electric  egg 
(Art.  382). 

Thunder  is  the  sound  which  follows  a  flash  of  lightning. 
It  is  due  to  vibrations  caused  by  the  passage  of  the  spark 
through  the  air. 

Thunder  is  not  heard  till  an  appreciable  time  after  the  flash  is 
perceived.  This  arises  from  the  fact  that  light  travels  with  im- 
mense velocity,  reaching  the  eye  instantaneously,  whilst  sound 
travels  more  slowly,  and  reaches  the  ear  only  after  a  sensible  inter- 
val of  time.  The  distance  of  a  clap  of  thunder  may  be  ascertained 
by  counting  the  number  of  seconds  between  the  flash  and  the  report, 
and  allowing  five  seconds  to  a  mile. 

The  intensity  of  the  sound  diminishes  as  the  distance  becomes 
greater :  near  by,  it  is  sharp  and  rattling,  like  boards  falling  one 


(  399.)  What  is  Lightning  ?  What  is  a  thunderbolt  ?  Why  is  the  fimh  often  eiff. 
•agin  its  shape?  What  is  the  color  of  the  flash?  What  is  Thunder  ?  Why  is  the 
thiundwr  only  heard  (tfter  an,  appreciable  time  1  Jloto  may  the  dietanee,  <tf  tt« 
JkUh  he  determined  ?    What  fsBPect  has  distance  on  the  sound  qf  thunder?^ 
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upon  the  other ;  at  a  greater  distance,  it  is  dull  and  prolonged  in  a 
low  rumble  of  varying  intensity. 

The  rattling  or  roiling  of  thunder  is  differently  explained.  By 
some  it  is  said  to  be  due  to  a  succession  of  echoes  from  the  clouds 
and  the  earth.  Others  regard  lightning,  not  as  a  single  sparjc,  but  as 
a  succession  of  sparks,  each  giving  rise  to  separate  explosions  that 
succeed  each  other  so  rapidly  as  to  produce  a  continuous  rumbling 
sound.  Others  again  attribute  the  rolling  of  thunder  to  the  zig-zag 
course  of  the  lightning,  the  sound  from  different  points  of  the  zig-zag 
path  reaching  the  ear  in  times  proportional  to  their  distances.  In 
this  way  the  sounds  from  different  points  are  superposed  irregularly, 
giving  rise  to  irregularity  in  the  resulting  sound. 

The  Thunderbolt. 

400*  A  Thunderbolt  is  a  discbarge  of  electricity  be- 
tween a  cloud  and  the  earth. 

When^an  electrified  cloud  passes  near  the  earth,  it  acts  upon  it  by 
induction,  repelling  the  fluid  of  the  same  name  and  attracting  that 
of  an  opposite  name.  As  soon  as  the  tension  of  the  two  electricities 
becomes  greater  than  the  resistance  of  the  intervening  air,  a  spark  or 
flash  passes,  and  the  thunderbolt  is  said  to  fall,  or  the  lightning  to 
strike.  The  flash  generally  passes  from  the  cloud  to  the  earth,  but 
sometimes  the  reverse  is  the  case.  The  attraction  between  the  two 
electricities  increases  as  the  distance  diminishes.  Hence  it  is  that 
elevated  objects  are  most  likely  to  be  struck,  such  as  spires,  high 
trees,  lofty  buildings,  and  the  like.  Good  conductors,  like  metals, 
moist  bodies,  trees,  and  the  like,  are  more  likely  to  be  struck  than 
bad  conductors.  Hence  the  danger  of  taking  refuge  under  a  tree  in 
a  thunder  storm. 

Sffects  of  the  Thunderbolt. 

401.  The  effects  of  the  thunderbolt  are  extremely  various  and 
wonderful.     It  crushes  or  fractures  bad  conductors,  inflames  com- 


How  ia  the  rattte  or  roll  of  thunder  accounted  for?    (  400.)  What  Is  a  Thunder- 
bolt f    Why  doca  Kghining  striice  f   WxpUUn  the  phenomenon.     What  bodies  are 

fnoHUkelytobeetrudbf   What  least  Ukel^t   (401.)  I>e8eribe  the  effbeie  of  ^^ 
thwiderboU,  *      n  /  ^        ^ 
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bustible  bodies,  melts  metals,  reverses  the  poles  of  magnets,  and 
often  kills  men  and  animals.  Sometimes  it  falls  slowly  in  the  form 
of  a  globe  of  fire,  and  then  explodes  with  a  noise  like  a  battery  of 
cannon.  It  is  this  form  of  lightning  that  is  most  likely  to  inflam'% 
the  edifices  which  it  chances  to  strike. 

It  is  said  that  a  ball  of  electrical  fire  fell,  in  1718,  near  Brest, 
striking  a  house  with  such  force  that  the  roof  sprung  up  as  if  a  mine 
had  been  exploded  beneath  it,  and  the  stones  of  the  walls  were 
scattered  in  all  directions,  some  being  carried  to  the  distance  of  a 
hundred  and  fifty  feet. 

The  thunderbolt  is  often  accompanied  by  a  peculiar  sulphurous 
odor,  which  is  due  to  the  oxygen  of  the  air  becoming  electrified, 
forming  a  product  called  ozone. 

Considering  the  fearful  character  of  the  thunderbolt,  but  few 
individuals  perish  from  it.  It  is  estimated  that  no  more  than  twenty 
deaths  a  year  occur  from  this  cause  throughout  the  whole  of  France, 
which  is  only  one  out  of  two  millions  of  inhabitants. 

Means  of  Safety. 

402,  It  is  recommended  to  those  who  are  fearful  of  the 
effects  of  lightning,  that  they  should  wear  clothing  of  silk, 
or  stiU  better,  that  they  should  sit  in  chairs  insulated  by 
glass  legs  or  upon  a  thick  plate  of  this  material.  They 
should  also  keep  as  far  as  possible  from  conductors,  par- 
ticularly the  metals.  When  thus  insulated,  even  if  struck, 
they  can  experience  only  a  slight  shock,  which  can  hardly 
prove  fatal. 

In  some  of  the  French  villages  it  is  customary  to  ring  bells  during  a 
.storm,  with  the  idea  of  driving  away  the  cloud,  and  avoiding  the 
hail  which  so  frequently  accompanies  thunder  storms.  This  does  no 
good,  but  simply  exposes  the  bell  ringer  to  additional  danger,  for 
high  edifices,  like  church  spires,  are  by  far  the  most  likely  to  be 
struck,  and  as  the  bell  ropes  are  conductors  of  electricity,  the  danger 
-  to  those  who  hold  them  is  much  increased. 


'  ]!!aiainple.    WTuU  U  ths  oattM  of  the  pecuUar  odor  that  aceotnpcMies  lighlM/ng  t 
(  40il.)  What  areiBome  of  the  methods  of  protection  ftrom  Ughtalng? 
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TIlo  Bitttnnt  Hh<H?hi 


408.  The  Ksnnui  Shock  ia  a  violent,  ^od  often  fiitil 
ahock,  felt  by  men  and  animals  at  a  great  distance  from  tfas 
place  where  the  lightning  strikes.    (See  Fig.  280.) 

This  phenomenon  is  due  to  the  indaotivfl  inflnence  exerted  by  la 
electrified  clond  upon  bodies  beneath  it,  vhich  are  all  atiaiiilT 
abarged  with  eloctricity  eontr&ry  to  that  of  the  elond.  Sow  if 
a  diMdiaifB  takea  place  at  any  point,  the  olond  ntam  to  iu 
nentral  state,  indnotica  eeaae*  initaatly,  and  all  of  the  bodiei  ela» 
trifled  by  induction  instantly  nton  to  a  nentral  atate.  The  nt 
denueu  of  this  retorn  is  what  oonstitntea  the  retnm  ahocfc 


Fg  280 

The  return  shoci  may  be  illustrated  on  a  small  scale,  by  placin: 
a  living  frog  near  an  electrical  machine  in  motion.  Every  time  that 
the  mncliine  ia  discharged  by  placing  the  finger  upon  it,  the  frog 
eJtperjoncBs  a  siiock,  which  is  nothing  else  than  the  return  ahock 
above  described. 

(403.)  WhMUtli«&ctiuiie^»Kk1    Bcplotntttunn.' 
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404.  A  LiGETNiNG-ROD  is  ft  Tod  of  metal,  placed  upon 
a  buildiDg  or  ship,  to  preserve  it  from  the  e^pti^ljghtiiiDg, 
as  shown  ia  Fig.  281. 


A  IJghtiuDg-rod  should  fulfill  the  following  ooDditionB : 

1.  It  should  be  of  sufficient  size. 

,  A  copper  rod  of  a  half  inch  in  diameter,  or  an  iron  one  of  three 
fourths  of  an  inch  in  diameter,  is  large  enough  to  protect  any 
building. 

2.  If  made  of  more  than  one  piece,  the  parts  should  be 
screwed  or  welded  together,  to  avoid  defective  joints. 
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3.  It  should  terminate  above  m  a  single  platinum  point. 
The  point  should  be  of  platinum  that  it  may  not  be  fused. 
It  also  previents  the  point  from  rusting. 

4.  The  rod  should  be  carried  down  into  the  earth  till  it 
meets  with  a  good  conducting  medium,  such  as  a  layer  oi 
wet  or  moist  earth. 

When  no  saoh  medium  can  be  reached,  a  pit  should  be  dug,  and 
after  the  lower  end  of  the  rod  has  bpen  carried  to  the  bottom,  it 
should  be  nearly  filled  with  some  good  conductor,  as  coke. 

The  lightning-rod  was  invented  by  Franklin,  who  thought  that 
its  protective  action  consisted  in  drawing  off  the  electricity  from  the 
cloud,  and  conducting  it  to  the  earth.  The  real  explanation  of  its 
utility  is  just  the  reverse.  The  cloud  acts  by  induction  upon  the 
earth,  repelling  the  electricity  of  the  same  name  as  that  in  the  cloudy 
and  attracting  that  of  an  opposite  name,  which  accumulates  upon  the 
bodies  under  the  cloud.  Now,  by  arming  a  body  with  metallic  points 
communicating  with  the  earth,  we  permit  a  flow  of  electricity  from 
the  earth  to  the  cloud.  This  flow  not  only  prevents^he  accumula- 
tion of  electricity  upon  the  body,  but  it  tends  gradually  to  neutralize 
the  electricity  of  the  cloud  itself;  and  thus  the  rod  acts  in  a  double 
way  to  prevent  the  body  from  being  struck. 

Zllectrical  Meteors. 

405.  A  Meteor  is  any  atmospheric  phenomenon ;  thus, 
wind,  rain,  snow,  hail,  thunder,  and  lightning  are  nieteors. 
Besides  thunder  an^  lightning,  three  other  meteors  are  at- 
tributable either  wholly  or  in  part  to  electricity;  these 
are :  Aa^7,  tornados^  and  the  aurora  borealis. 

HaiL 

406.  Hail  consists  of  globules  of  ice  which  fall  from  the 
clouds.    The  globules  consist  of  a  coating  of  ice,  disposed 

Third  oondltion  ?   Fonrtb  condition  ?    Who  ifMoarUed  Ihs  UgMninff-rod  t  BaopiaU^ 

Ut  mode  af  action,    (405.)  What  is  »  Moteor?    Mention  some  of  them.    (406.) 
What  is  Hail  ? 
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about  a  central  nucleus  of  compact  snow.  They  are  called 
hailstones.  Hailstones  sometimes  are  very  large,  being  not 
infrequently  as  large  as  a  pigeon's  egg^  and  it  is  said  they 
sometimes  weigh  several  ounces. 

A  fall  of  hail  is  often  preceded  by  a  noise  like  that  of  rattling 
nuts  in  a  bag.  This  noise  is  attributed  to  collisions  between  the 
bailstones.  A  hailstorm  is  always  accompanied  by  electrical  phe- 
nomena, and  thunder  generally  precedes  or  accompanies  the  fall  of 
hail.  From  this  circumstance  it  is  inferred  that  hailstorms  are  in 
some  way  due  to  electrical  action.  As  yet  no  satisfactory  theory  has 
been  advanced  to  account  for  the  formation  of  hailstones,  and  espe- 
cially those  enormous  ones  that  are  sometimes  seen. 

VoLTA  supposed  them  to  be  formed  between  two  clouds  oppositely 
electrified,  and  ihat  they  were  alternately  repelled  from  one  to  the 
other,  like  electrical  puppets,  during  which  time  they  were  continu- 
ally increasing  in  size  by  congealing  the  moisture  of  the  cloudK  upon 
their  surface,  till  at  last  they  became  heavy  enough  to  break  through 
the  lower  cloud  and  descend  to  the  earth.  This  theory  is  now 
rejected. 

r 

The  Tornado. 

40y«  A  Tornado  is  a  violent  whirlwind,  attended  with 
rain,  thunder,  and  lightning.  Tornados  often  travel  con- 
siderable distances,  overturning  buildings  and  uprooting 
trees;  they  are  accompanied  with  a  noise  like  that  of 
heavily-loaded  carts  driven  over  a  stony  road.  The  flashes 
of  lightning  and  balls  of  electrical  fire  that  accompany 
tornados,  indicate  their  electrical  origin. 

Two  species  of  tornado  are  recognized :  terrestrial  and  marine^ 
according  as  they  take  place  on  land  or  on  water.  The  latter  class 
present  remarkable  phenomena.  Tbe  rotary  force  of  the  wind  raises 
the  water  in  the  form  of  a  cone,  whilst  a  second  cone  forms  in  the 
cloud,  having  its  apex  downwards.  These  cones  move  to  meet  each 
other,  forming  a  column  of  water  reaching  from  the  ocean  to  the 

# 

Describe  a  hailstone.  Explain  the  ratUing  nound  preceding  a  haiUAorm.  Whai 
WM  Volta's  theory  of  the  formation  of  hail  ?  (  407.)  What  is  a  Tornado  ?  Wbj 
la  It  regarded  aa  of  electrical  origin  ?    How  many  tpeciM  0/  tonuido%? 
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olond.    In  thii  form  the  oolnmn  of  fluid  is  called  a  waterspod. 
When  •  wftter-apout  strikes  a.  Bhip,  it  doei  immeiue  damage. 

Ths  Anrora  BcnvaUs. 

40§.  The  AimoBA.  is  a  himiaous  phenomenon,  -which 
appears  most  frequently  about  the  poles  of  the  earth,  and 
more  particularly  ahoat  the  boreal  or  northern  pole,  whence 
its  name. 

At  tha  dote  of  twilight,  a  vague  and  dim  light  appears  in  the 
horizon  in  the  direction  of  the  magnetic  meridian.  This  light  gridn- 
allr  asBumes  the  form  of  en  arch  of  a  pale  yellowich  color,  baring 
ita  concave  aide  turned  towards  the  earth.  From  this  arcti  Blreanii 
of  light  shoot  forth,  pnasing  from  yellow  1o  pale  green,  and  then  to 
the  most  trilliant  violet  purple.  These  rays  or  streams  of  ligU 
generally  converge  to  that  point  of  the  heavens  which  is  indicated 
bf  the  dipping  needle,  and  they  then  appear  to  form  a  fragmeat  of 
an  immense  cupola,  as  shown  in  Fig.  S82. 


IF&at  it  a  mtlar-tpovi)    (.10%.'^  ^^t  \&  i;iie  kw 
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Since  the  aurora  is  always  accompanied  by  a  disturbance  of  the 
magnetic  needle,  and  is  generally  arranged  in  the  direction  of  the 
dip,  and  because  the  chemical  action  of  electricity  is  accompanied 
by  precisely  analogous  phenomena,  it  is  inferred  that  it  is  due  to 
electrical  action.     Such  is  at  present  the  generally  received  belief. 

Why  U  U  regarded  ae  qf  electrical  origin  7 


CHAPTER  IX. 

DYNAMICAL         BLKCTRICITY.* 
Z.  —  FUKDAMBNTAL      PRINCIPLES. 

Qalvani's  Szperiment. 

409*  It  has  been  observed  that  chemical  combinations 
are  sources  of  electricity.  The  form  of  electricity  thus 
developed  is  different,  but  its  nature  is  the  same  as  that 
produced  by  friction.  The  name  of  Galvanism  has  been 
given  to  electricity  developed  by  certain  chemical  combina- 
tions, in  honor  of  Galvani,  who  first  discovered  this  new 
way  of  generating  it. 

In  1790,  Galvani  observed  that  the  body  of  a  frog  recently  killed, 
when  placed  near  an  electrical  machine,  manifested  signs  of  excita- 
tion whenever  sparks  were  drawn  from  it.  The  cause  of  action  was, 
in  fact,  the  return  shock,  as  has  been  explained;  but  Galvani, 
ignorant  of  this  fact,  began  to  seek  for  an  explanation  of  the  phe- 
nomena. One  day  he  saw  a  dead  frog  suspended  from  a  copper 
hook  in  a  window,  and  noticed  a  muscular  contraction  whenever  the 
wind  blew  the  lower  extremities  against  the  iron  bars  of  the  window. 
Here  was  a  case  of  electrical  manifestation  which  was  entirely 
independent  of  any  electrical  machine,  and  it  furnished  a  clew  to  one 
of  the  most  important  discoveries  in  modern  science. 

This  discovery  led  to  an  experiment  which  may  be  repeated  as 
follows :  Having  killed-  a  frog  and  cut  off  the  hinder  half  of  the 
body,  we  suspend  it  by  a  copper  hook,  c,  passed  between  the  back 

(409.)  What  is  OalvAiilsm?    Wlij  so  called?    Explain,  Md  mdhod  ^iUH»- 
cevtry.    Hofw  may  Galtani'b  tvbptritfivnt  he  repeated  f 
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bone  fttid  the  nerraa  which  run  on  each  side  of  it,  a 

Fig.  233  ;  then  holding 

K  small   plate   of  zino, 

s,    in     the     band,    we 

brin;  one  end  of  it   in 

contact  with  the  copper 

•tem     that     holds     the 

hook,  and    then    toueh 

the  legs  of  the  frog  with 

the  other  end.    A  t  every 


it  the  IT 


KJee 


tract,  reproducing  ftU 
the  motiana  of  life. 

GiLT&Ni  attributed  the 
phenomena  observed,  to 
the  eleotrieity  exiiting  in 
animal  tisanet,  wBicb, 
passing  from  the  nerves 
to  the  Diiuoles,  through 
the  metals,  pt^uced  the 
muscular  eo^trectinns. 


V^ta^  Tbaory  ot  OonlaoL 

4I*.  VoLTA  repeated  the  experiment  of  Galtaki,  and 
after  mach  study,  adyanced  the  theory  of  contact.  Accord- 
ing to  tliia  theory,  trhen  two  metala  or  other  dissimilar  sub- 
Btances  are  dmply  brought  in  contact,  there  ia  always  a 
decompodtion  of  the  natural  electricity  of  both  bodies,  the 
poaitiTO  fluid  going  to  one  and  the  n^ative  fluid  to  the 
other. 

Id  the  case  of  the  frog,  the  eleetricity  was  luppowd  to  be  de- 
veloped by  the  contact  of  the  copper  hook  and  zino  plate,  the  nerves 
and  mnseles  serving  simply  as  oondnctors. 

VoLTA  called  the  force  which  separates  the  two  eleotricities  in 
eases  of  contaot,  the  tltitro-motivt  force,  which  he  supposed  to  act 
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like  the  coercive  force  in  magnetism,  to  prevent  a  recombination  of 
the  separated  fluids.  He  called  those  bodies  which  by  contact 
developed  mach  electricity,  good  electro-motors,  and  those  which 
developed  bat  little,  he  called  bad  electro-motors.  The  best  electro- 
motors are  zino  and  copper  soldered  together. 

In  confirmation  of  his  theory,  Volta  performed  the  experiment 
explained  in  speaking  of  the  condensing  electrometer,  Figs.  273  and 
274.  This  decisive  experiment  overthrew  the  theory  of  Galvani. 
The  theory  of  contact  has  since  given  way  to  the  chemical  theory, 
which  will  be  explained  hereafter. 


The  Voltalo  Ffleb 

411.  In  the  year  1800,  Volta  inTented  an  apparatus 
by  which  he  could  multiply  the  number  of  contacts,  and  thus 
produce  a  more  powerful  effect.  This  apparatus  is  called 
the  voltaic  pih. 

The  voltaic  pile  has  received  many  different  forms,  but  the  same 
principle;  is  applied  in  all.  One  of  these  is  shown  in  Fig.  284.  It 
consists  of  an  assemblage  of  couples,  each  consisting  of  a  disk  of  cop- 
per and  a  disk  of  zinc  in  contact,  and  each  couple  being  separated 
from  the  next  by  a  layer  of  cloth  moistened  with  dilute  sulphnric 
acid«  The  couples  are  all  disposed  in  the  same  order,  the  sine  of 
each  couple  being  always  on  the  same  side  of  the  corresponding  disk 
of  copper.  When  the  pile  is  completed,  there  will  be  a  disk  of  zinc 
at  one  end  and  a  disk  of  copper  at  the  other.  A  connection  is  made 
between  them  by  means  of  the  wires,  a  and  6,  one  being  attached  to 
each  of  the  extreme  plates. 

In  the  pile  shown  in  Fig.  2^4,  there  are  twenty  couples,  the  zino 
disk  being  at  the  bottom  of  each  couple,  and  the  copper  one  at  the 
top.    The  pile  is  supported  by  a  suitable  frame-work. 

This  apparatus  has  been  much  modified,  but  the  name  fUe  hsJi 
been  retained  for  all  apparatus  of  the  same  kind,  and  the  eleetrioiiy 
generated  in  this  way  is  called  voltaic ,  or  galvanic  electriciiy. 


What  ar6  good  and  had  eUctrih-motnri  f     (411.)  Wliat  Is  the  roltale  pile? 
VU^T^  ^^'^"''**  <»«»*««*     What  name  U  givM,  to  the  eUdriettv*/ 
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SiMtitoal  Tnulon  In  the  Pile.  —  PcOm.  —  BlaetrodM. 

413.  In  a  pile  which  ib  inEntated,  one  half  is  round  to  be' 
eleotriAed  positively  mid  the  other  half  negatively,  the  middle  being 
neutral.  In  the  zinc  and  copper  pile,  that  end  towards  which  thezino 
plate  in  each  couple  is  turned,  h  poeitive,  the  other  end  being  nega- 
tire,  ai  indicated  hy  the  signs  +  and  — ,  in  Fig.  284. 

The  tension  of  the  electricity  in  either  end  increaaes  with  the 
nniaber  of  couples  in  tbe  pile,  but  is  independent  of  their  size.  The 
tenrion  is  greatest  at  the  two  extremities ;  hence  these  eitremities 
are  named  polei ; ,  the  one  towards  the  zinc  end  is  the  poiilitt  pirle, 
the  one  towards  the  copper  end  is  the  negative  pole. 

The  wires,  a  and  b  {Fig.  284),  which  are  attached  at  the  two 
poles  for  the  purpose  of  completing  the  circuit,  are  called  electrodes. 
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Bleotrical  Ouzrents. 

413.  So  long  as  the  electrodes  remain  separated,  the 
pile  manifests  no  electrical  action,  but  on  being  brought 
near  each  other,  a  small  spark  is  seen  to  pass,  which  arises 
from  a  recombination  of  the  two  electiicities.  The  passage 
of  the  spark  does  not  discharge  the  pile,  as  is  the  case  with 
the  Ley  den  jar.  We  see  a  continual  succession  of  sparks, 
showing  that'the  process  of  decomposition  is  continually  kept 
up  in  the  pile,  by  which  the  poles  are  continually  fed  with 
new  supplies  of  the  positive  and  negative  fluids. 

If  the  two  wires  are  brought  into  actual  contact,  the 
sparks  cease,  but  the  flow  of  the  'fluids  continues  as  before, 
decomposition  going  on  in  the  pile,  and  recomposition  taking 
place  through  the  electrodes.  This  continuous  flow  of 
electricity  is  called  the  electric  current.  There  are,  in  fact, 
two  currents  flowing  in  opposite  directions,  according  to  the 
two  fluid  theory,  but  it  is  found  convenient  to  consider  only 
one  of  theih,  namely,  that  which  flows  from  the  positive  to 
the  negative  pole.  In  the'  figures,  hereafl;er,  the  direction 
of  this  current  will  be  indicated  by  an  arrow,  as  in  Fig.  292. 

r 

Chemical  Theory  of  the  Pile. 
414  Fabkoni  first  sugs^ested  that  the  phenomena  of 
the  pile  were  due  to  chemical  action.  In  the  pile  described, 
the  dilute  acid  in  the  cloths  between  the  couples,  acting  upon 
the  zinc,  was  supposed  to  be  the  cause  of  the  development 
of  electricity.  This  view  was.  adopted  by  Davy  and  Wol- 
LASTON,  who  made  many  experiments  calculated  to  sustain, 
it.  Finally,  De  la  RivE  and  Becquerel  succeeded  in 
demonstrating  most  conclusively  that  in  every  chemical 
action  electricity  is  developed.      They  also   showed  that 


(413.)  What  phenomenon  is  observed  when  the  olronit  la  completed?  What  !• 
the  electric  current  X  Which  way  do  we  suppose  the  current  to  flow  t  (  41 4.)  What 
was  Fabbohx'8  theory  f  • 
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irhenever  a  motal  is  attacked  by  an  acid,  the.  former  is 
positively  and  the  latter  negatively  electrified. 

According  to  thia  view,  which  is  now  universally  adopted, 
the  acidulated  cloths,  that  Volta  regarded  as  simply  con- 
ductors, are  iu  ikct  the  principal  cause  of  the  development 
of  electridty. 

The  Carbon  File> 

"  419<  "Hie  Cabbon  Pile  was  invented  by  Bukskn,  about 
twenty  years  ago,  and  ia  often  called  the  Jiunsen  Pile, 

Each  couple  of  Bunsen's  pile  consists  of  four  pieces,  which 
are  shown  both  separately  and  united  in  Fig.  265,    These 


FlgSSS. 


parts  are :  1.  An  earthen  vessel,  A,  containing  dilute  snl- 
phriric  a*iid ;  2.  a  zinc  cylinder,  B,  open  at  one  side  and 
having  a  strip  of  copper  soldered  to  its  upper  extremity ; 
3.  a  vessel,  C,  of  porous  earthen-ware,  containiog  nitric 
add ;  4.  a  cylinder  of  carbon  or  coke,  which  is  well  calcined, 
and  a  good  conductor  of  electridty.    At  the  top  of  this 
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oylinder  a  stem  of  copper  is  inserted,  to  whieh  is  scddered  a 
thin  strip  of  the  same  metaL 

The  completed  couple,  represented  at  P,  is  formed  hj 
patting  the  cylinder  £  into  A^  then  putting  C  into  £,  and 
finally,  introducing  the  cylinder  J)  into  the  cylinder  C  On 
bringing  the  slips  of  copper  in  contact,  a  current  of  elec- 
tricity is  developed,  flowing  from  the  carbon  to  the  anc. 

In  thii  case  there  is  a  double  chemical  action.  Water  is  decom- 
posed in  the  vessel  Aj  giving  its  oxygen  to  the  zinc,  forming  oxyde  of 
sine,  which  is  taken  up  by  the  sulphuric  acid,  producing  sulphate  of 
zinc.  This  remains  in  solution.  The  hydrogen  of  the  water  passes 
through  the  porous  cell,  C,  and  uniting  with  a  part  of  the  oxygen  of 
the  nitric  acid,  decomposes  it,  reproducing  water,  and  also  forming 
nitrous  acid,  which  escapes  in  fumes.  This  double  action  develops 
a  large  amount  of  electricity,  that  flows  from  the  carbon,  which  is 
the  positive,  towards  the  zinc,  which  is  the  negative  pole  of  the  couple. 

Any  number  of  couples  may  be  united  by  attaching  the 
copper  slip  of  the  zinc  cylinder  in  one  couple  to  that  of  the 
carbon  in  the  next  couple,  and  bo  on  throughout  the  conir- 
bination.  The  remaining  two  slips,  which  will  be  at  the 
extreme  ends  of  the  combination,  may  be  united  by  a  con- 
ductor. 

Such  a  combination  is  called  a  galvanic  battery^  or  some- 
times a  voltaic  battery,  A  galvanic  battery  has  been  con- 
structed, containing  as  many  as  eight  hundred  couples. 
Fig.  286  represents  a  battery  of  twenty  couples. 

II.  —  APPLICATIONS     OF     OALVANIO     ELZCTSICITT. 

Effects  of  the  Galvanic  Battery. 

416.  The  Effects  of  thb  Galvanic  Battery  may,  for 
convenience  of  study,  be  divided  into  physiological^  heaU 


JOoplain  Mtf  acUon  qf  a  etntpU  nf  Bvmbxh^b  pifai  How  are  the  ecNiplc«  oao- 
Metedf  Wliet  Is snehscombiafttion  called r  C416.)  WhataMt]wpiiiioiptl«flMi 
of  the  galTftiao  hatUir  ?  ^^ 
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itiff,  iUuminating,  chemical,  and  magnetic.  They  are  aU 
due'  to  the  reoombinution  of  the  two  electriditieB,  as  in 
maohine  electricity,  but  tbej  are  more  remarkable  and  mors 
energetic,  because  of  their  continuous  action. 

Pbyslologloal  EffBOta. 

417.  The  Phtsiological  Epfhcps  of  galvanic  electridty 
are  a  sncceesion  of  shocks  producing  violent  muscular  con- 
tractions, not  only  in  living,  but  in  dead  animals,  a«  shown 
in  the  case  of  GAi.yANi*8  irog. 

When  wo  touch  but  one  of  the  poles  of  a  galvani«  battery,  no 
Bhocfc  is  felt,  bat  if  we  take  both  electrodes  in  our  hands,  as  in  Fig. 
S86,  we  feel  a  leuMtion  umilar  to  a  ohook  from  a  Leydeu  jar,  with 
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this  diflerenoe.  the  latter  is  instantaneous,  -whilst  that  from  the  gal- 
Tanic  battery  is  continuous.  The  action  of  the  battery  keeps  up  a  con- 
tinnoua  supply  of  the  two  fluids,  which  supplies  the  place  of  that  lost 
by  reoombi nation  in  passing  through  the  body  of  the  experimenter. 
The  effect  of  galvanic  electricity  upon  the  bodies  of  dead  animals 
is  peculiarly  striking.  It  produces  violent  contractions  of  the 
muscles,  causing  mo^ipns  similar  to  those  of  the  living  being.  On 
the  occasion  of  performing  some  experiments  upon  the  body  of  & 
eriminal  who  had  been  executed,  in  England,  a  violent  and  convul- 
sive respiration  was  produced,  the  eyes  opened,  the  lips  moved,  and 
the  face,  no  longer  under  the  control  of  the  will,  assumed  expressions 
so  strange  and  horrifying  that  one  of  the  assistants  fainted  from  ter- 
ror, and  only  recovered  his  natural  state  of  mind  after  several  days. 


Hftatfag  Bffectii, 

418.  When  a  current  of  galvanio  electricitj  is  passed 
through  a  conductor,  it  becomes  heated,  and  t>fteQ  to  such 
a  degree  as  to  produce  fusion  or  even  vaporization.  When 
a  po^verful  current.is  passed  through  a  wire,  it  soon  becomes 
incandescent,  and  then  melts  or  is  dispersed  in  vapor. 
Small  wires  bum  with  splendid  brilliancy.  Silver  bums 
with  a  greenish  light,  and  much  smoke  arising  from  the 
vapoi-ization  of  the  metal.  Gold  bums  with  a  bluish  white 
light.  Platinum,  which  is  infusible  in  the  most  intense  heat 
of  our  furnaces,  melts  into  spherical  globules  with  a  daralmg 
light. 

With  a  battery  of  600  couples,  Despsetz  fused  nearly 
half  a  pound  of  platinum  in  a  few  minutes.  Carbon  is  the 
only  body  which  has  not  been  fused  by  galvanic  electricity. 
DssPBETz,  however,  by  passing  a  current  through  small, 
rods  of  pure  carbon,  succeeded  in  soflening  them  so  much 
that  they  could  be  bent  and  made  to  adhere,  which  indicates 
an  approach  to  fusion. 


jr*a<  ^  Ka%  ffoZuxuUe  O^elHcUy  on  dead  animaUt    '418.)  De«srlb«  tiM 
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419.  The  beating  effects  just  descnbed  are  accompanied 
-with  a  disengagement  of  more  or  ieas  light,  but  to  obtain 
the  most  brilliant  electncal  light  possible,  calcined  carboD 
^points  are  employed.  They  ate  at  Hist  placed  ia  contact, 
one  being  connected  with  the  positive,  and  the  other  with 
the  negative  pole  of  a  powerful  galvanic  battery,  as  shown 
in  Fig.  267.     The  points  immediately  become  incandescent, 


(1190  Deicrib*  the  mumlnitiEg  eflecti 
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emitting  a  light  of  dazzling  brightness.  If  the  points  are 
slightly  separated,  the  current  still  continues  to  pass  be- 
tween them,  and  the  light  takes  the  form  of  a  luminous 
arch,  called  the  voltaic  arch.  In  this  experiment  the  point 
connected  with  the  positive  pole  wastes  awaj,  whilst  the 
other  increases  in  size ;  hence  we  conclude,  that  particles  of 
carbon  arc  transported  from  the  former  to  the  latter ;  this 
explains  how  the  current  continues  to  pass  in  q)ite  of  the 
interral  which  separates  thenu 

The  intensity  of  the  electrical  light  is  very  great.  A  battery  of 
48  small  couples  furnishes  a  light  equal  to  that  of  572  wax  candles ; 
with  100  couples  a  light  is  produced  so  intense  as  to  dazzle  the  eyes, 
and  with  600  couples  the  intensity  is  such  as  to  render  it  as  impos- 
sible to  look  at  it,  as  it  is  to  look  at  the  sun. 

In  1844,  FoucAULT  first  made  use  of  the  electrical  light  instead  of 
that  of  the  sun,  to  illuminate  the  solar  microscope.  Since  then, 
many  attempts  have  been  made,  and  with  some  success,  to  apply  it 
to  purposes  of  general  illumination.  Fig.  287  represents  an  appa- 
ratus employed  for  the  purpose  of  illumination.  The  battery  is  con- 
tained in  the  interior  of  a  cast-iron  pedestal,  upon  which  is  erected 
a  column  of  the  same  material.  At  the  top  of  the  column  are  two 
carbon  points,  one  connected  with  each  pole  of  the  battery  by  ooj^r 
wires,  insulated  by  gutta  percha  coverings. 

Ohemical  Effects. 

4M«  The  most  important  chemical  effects  produced  by 
galvanic  electricity,  are  the  decomposition  of  bodies  traversed 
by  it,  and  the  transportation  of  their  elements. 

In  order  to  understand  the  chemical  effects,  we  must  explain  the 
meaning  of  certain  terms  employed  in  chemistry. 

Oxydos  are  generally  compounds  of  oxygen  with  the  metals.  Thus, 
iron  rust  is  an  oxyde  of  iron,  that  is,  it  is  a  jcompound  of  oxygen  and 
iron  ;  vermilion  is  an  oxyde  of  lead ;  potash  is  an  oxyde  of  potassium, 
and  so  on. 


What  is  the  voltalo  arch?  lUwtraU  hy  example.  J>e8eHbe  Fovoavlt'S  tBBperi' 
men*.  J>eeeraetheapparatM9jbrmMninaUMi.  (420.)  Wbai««lhe  «Mst  !»• 
portaBtehemlealelfectar     Whai  are  cmydee  f 
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-  Acidt  are  gtnerally  compounda  of  oiygen  with  aomo  Don-meUlUe 
body.  TbuB,  sulphurio  acid  is  a  compound  of  oxygen  and  sulphur; 
nitrie  acid  is  a  compound  of  oxygen  and  nitrogen ;  c&rbonio  acid  i* 
&  eompound  of  oxygen  and  carbon,  and  so  on. 

Salts  are  geruralty  componiids  of  an  acid  with  an  oxydo.  Thui, 
salphate  of  potash  is  a  compound  of  sulphuric  acid  and  potash; 
nitrate  of  copper  is  a  compound  of  nitric  aaid  with  an  oiyde  of  cop- 
per, and  so  on. 

In  these  definitions,  we  say  gtnerallyj  because  the  definitiona  given 
ve  only  inteiided  for  illustration,  and  it  is  not  thought  best  to  enter 
into  a  detailed  account  of  the  various  substances  described.  That 
Monge  to  Chemistry. 

Deoompoaltlon  of  Watar. 

491.  A  galvanic  current  was  first  employed  to  deoonv 
pose  Wftter  in  the  year  1800,  by  Cablislb  and  NioHouoir, 


To  repeat  the  experiment,  we  may  employ  the  apparatus 
shown  in  Fig.  288.  It  consistB  of  a  glass  dish  ^th  a  wooden 
bottom.    Rising  fix>m  the  bottom  are  two  platinum  wires, 
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which  pass  throngh  the  wooden  stand  and  terminate  in  the 
tubes,  a  and  b.    These  wires  serve  as  electrodes. 

The  glass  yessel  is  partially  Med  with  water,  to  which  a 
small  quantity  of  sulphuric  acid  is  added  to  improve  its 
conducting  power.  Two  narrow  bell-glasses,  JJand  O,  are 
filled  with  water  and  inverted  over  the  two  platinum  wires. 
The  tube,  a,  is  then  connected  with  the  positive  pole  of  the 
battery,  and  the  tube,  b,  with  the  negative  pole.  A  current 
is  set  up  from  one  wire  to  the  other  through  the'  water,  and 
decomposition  begins,  as  is  shown  by  bubbles  of  gas  rising  in 
the  two  bell-glasses. 

By  testing  the  gases  thus  obtained,  we  find  that  in  the 
glass,  O,  corresponding  to  the  positive  pole  of  the  battery, 
is  pure  oxygen,  whilst  that  in  the  glass,  Sy  corresponding  to 
the  negative  iK>le,  is  pure  hydrogen.  We  see  also  that  the 
volume  of  hydrogen  is  twice  that  of  the  oxygen.  This 
experiment  shows  that  water  is  composed  of  oxygen  and 
hydrogen,  mixed  in  the  proportion  of  one  volume  of  the 
former  to  two  of  the  latter. 

Decomposition  of  Ozydes  md  Salts. 

499«  Oxydes  and  salts  may  in  like  manner  be  decom- 
posed by  a  current  of  electncity.  In  decomposing  oxydes, 
the  oxygen  is  transported  to  the  positive  electrode,  and  the 
metal  to  the  negative  electrode.  In  the  decomposition  of 
acids  there  is  a  like  transfer  of  elements,  the  oxygen  going 
to  the  positive,  and  the  other  component  to  the  negative 
electrode. 

In  decomposing  salts,  there  maybe  several  cases.  Some- 
times  there  is  a  simple  resolution  of  the  salt  into  an  acid  and 
an  oxyde,  in  which  case  the  acid  goes  to  the  positive  and  the 
oxyde  to  the  negative  electrode.  Sometimes,  besides  the 
separation  into  acid  and  oxyde,  the  latter  is  decomposed; 


Explain  In  deUll.    (  42*  )  How  may  oxydes  a&d  salts  be  decomposed  ?    ExpliOa 
the  different  eases  of  deeomposUion  of  salts. 
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in  this  case  the  oxygen  and  the  free  acid  go  to  the  positive, 
and  the  metal  alone  goes  to  the  negative  electrode.  This 
action  is  utilized  in  the  process  of  elecjbrotyping. 

DavY;  at  the  beginning  of  the  present  century,  used  the 
battery  to  decompose  potash,  soda,  lime,  baryta,  magnesia, 
alumina,  &c.,  and  thus  demonstrated  that  all  of  these  sub- 
stances^ previously  regarded  as  simple  bodies,  were  in 
reality  compound.  They  consist  of  oxygen  united  with 
metals,  which  are  called  respectively,  potassium,  sodium, 
calcium,  barium,  magnesium,  aluminium,  &c. 

Application  of  Slectricity  to  Galvanoplasty. 

493*  Galvai^oplastt,  or  Electkotyping,  is  the  opera- 
tion of  copying  medals,  statues,  and  the  like,  in  metal,-  by 
the  aid  of  galvanic  electricity. 

Such  copies  were  formerly  made  by  the  process  of  casting  ;* 
BOW  they  are  in  many  cases  more  elegantly  produced  by 
galvanoplasty.  This  process  was  discovered  simultaneously 
by  Spencer,  of  London,  and  Jacobi,  of  St.  Petersburg,  in 
1838,  the  year  preceding  the  discovery  of  the  daguerreotype 
process. 

Method  of  Blectrotsrping* 

424,  The  first  step  is  the  preparation  of  a  mould  of  the 
object,  upon  the  accuracy  of  which  depends  the  success  of 
the  entire  operation.  Wax,  plaster,  or  gutta  percha  may 
be  used,  but  the  latter  material  is  now  considered  the  best. 
At  ordinary  temperatures,  gutta  percha  is  hard,  but  on 
being  heated,  it  becomes  soft  and"  ductile.  To  form  the 
mould,  the  gutta  percha  is  warmed  by  putting  it  into  a 
vessel  of  warm  water  and  allowing  it  to  remain  till  it  is  of 
the  proper  softness ;  it  is  then  placed  upon  the  object  to  be 

Explain  Davy's  cxperiineTits.  (  423.)  "^hat  is  Galvanoplasty  ?   Whfen  discovered? 
By  whom  7    (  424.)  Explain  the  operation  of  electrotyping,  In  detail 


A 
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copied,  and  pressed  with  tlie  fingers  till  it  tonchea  evety 
point  of  the  aur&ce  of  the  object,  when  it  is  left  to  hardoi 
by  cooling.  After  hardening,  it  is  removed  and  ia  ready  for 
use.  As  gutta  peroha  is  apt  to  adhere  to  certain  hodies, 
precaation  sboold  be  taken  to  cover  them  with  a  thin  layer 
of  powdered  plombagoor 
graphite.  This  may  Im 
laid  on  with  a  Boft  brush, 
and  if  properly  iq^lied,  it 
efieotnally  prevents  the  a^ 
he^on  of  the  monld. 

The  second  step  is  to 
depost  the  metal  in  tiie 
mould.    As  gotta  penha 


(] 


is  a  non-conductor  of  electricity,  it  is  necessaiy  to  cover  it 
vith  a  conducting  substance.  Tfaia  ia  done  by  laying  on  a 
coating  of  plumbago  in  the  same  manner  as  in  forming  the 
mould.  The  mould  thus  prepared  is  then  made  ready  for 
the  bath  by  attaching  to  it  the  proper  suspending  wires,  as 
shon-n  in  Fig.  289. 

Fig.  290  represents  one  face  of  a  medal  to  be  copied, 
and  Fig,  289  represents  the  gutta  percha  mould  prei»red 
for  receiving  the  meUWVc  &«^civl^..    Yot  making  the  daporat, 
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wfaidi  we  sball  suppose  to  be  of  copper,  a  Dakisl's  batteiy 
of  two  or  three  couples  is  asuall^  employed. 

A  couple  of  Danibl's  battery  difTara  from  one  of  Bonhik's  in  th» 
following  particulars.  The  carbon  cylinder  is  replaced  by  one  of 
zino,  denoted  by  Z,  in  Fig.  291,  and  the  zino  cylinder  ia  replaced  b; 
one  of  copper,  denoted  by  C,  in  the  same  figure.  The  outer  Teasel 
is  of  glass,  and  is  filled  with  a  solution  of  sulphate  of  copper  (blue 
Titriol),  which  is  kept  saturated  by  some  oryslals  of  the  mlphata 
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placed  at  the  bottom  of  the  vessel.  The  porous  Tecsel  is  filled  with 
dilute  Bulphurio  aoid.  When  this  battery  is  in  action,  water  IB 
decomposed ;  the  oxygen  goes  to  the  zinc,  forming  oxyde  of  zinc, 
which  is  dissolved  by  the  sulphurio  acid,  giving  sulphate  of  zine. 
The  hydrosen  of  the  water  goes  to  the  sulphate  of  copper  in  P,  and 
decomposes  it.  The  result  of  these  decompositions  and  recompori> 
tions  is  to  keep  op  a  carreiit  of  electricity,  as  shown  by  the  arrows, 
which  will  continue  as  long  aa  the  vessel,  P,  ie  kept  fnll  of  the 
saturated  solution  of  solpbate  of  zinc. 

Fig.  291  shows  the  method  of  depositing  the  metal  upon 
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the  mould.  Jf  is  a  vessel  filled  with  a  soltttion  of  sulphate 
of  copper ;  A  and  S  are  metallic  rods  communicating  with 
the  two  poles  of  the  battery ;  the  mould  is  suspended  from . 
the  rod,  JS,  and  &cing  it  is  a  plate  of  pure  copper  suspended 
from  the  rod,  A ;  these  constitute  the  electrodes,  the  mould 
being  the  negative  one. 

The  current  which  is  set  up  through  the  solution  of  cop- 
per between  the  electrodes,  decomposes  the  sulphate  ioto 
sulphuric  add,  oxygen,  and  pure  copper.  The  sulphuric 
acid  and  oxygen  go  to  the  oopper  plate,  and  uniting  with  it, 
produce  sulphate  of  copper ;  the  pure  copper  goes  to  the 
negative  electrode,  that  is,  to  the  mdtild,  and  is  there  depos- 
ited. After  about  two  days  the  coating  of  copper  becomes 
thick  enough  to  be  removed  from  the  mould,  and  it  then 
presents  a  fac-simile  of  the  object  to  be  copied.  In  copying 
medals,  each£ice  is  copied -separately,  and  the  two  are  united* 
by  means  of  some  fusible  metal  placed  between  them 

Blectro-gildlng  axid  Slectro-platiiig. 

425*  The  process  of  covering  bodies  with  thin  coatings 
of  gold  or  silver  is  analogous  to  that  .of  electrot3rping.  The 
perfection  of  the  process  consists  in  making  the  coating  of 
gold  or  silver,  not  only  of  uniform  thickness,  but  also  closely 
adherent. 

Tlie  object  to  be  gilded  or  silvered  is  first  heated  upon 
a  charcoal  fire  to  remove  all  fatty  matter ;  it  is  next  plunged 
into  dilute  sulphuric  acid,  and  then  rubbed  with  a  hard 
brush  to  remove  any  oxyde  that  may  exist  upon  the  surface; 
it  is  next  plunged  into  common  nitric  acid,  and  then  into 
nitric  acid  into  which  a  small  quantity  of  salt  and  soot  has 
been  thrown ;  it  is  then  washed  in  pure  water  and  carefiilly 
dried  in  sawdust,  and  is  ready  for  use. 

'  l&xpilaiii  tlie  cbemlcal  ciian^s  which  teke  place.    (  425.)  What  Is  the  prooMB  of 
^alectro-sflveHng  and  electro'gflding?    How  iB  the  object  cleaned  t  *  " 
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' '  The  metliod  of  mlveting,  or  electro-plating,  is  abown  in 
Hg.  292.  The  object  to  be  silTered  is  suspended  in  a  bath 
of  a  silver  solntioo  hy  a  metallic  rod  which  connects  with  the 
negative  pole  of  a  Bititsen*s  battery.  Immediatelf  below  it 
b  a  plate  of  pare  niver,  which  is  connected  with  the  podtive 
pole  of  the  battery.  The  object  to  be  silvered  and  the  silver 
plate,  a,  constitute  the  electrodes,  a  being  the  poutive  one. 
The  explanation  of  the  process  is  analogous  to  that  in  the 
preceding  article. 


The  lalt  of  silver  generally  employed  i>  a  doable  oyannret  of  ill- 
ver  uid  potosriom.  The  tbickneM  of  the  (Mating  deposited  will 
depend  upon  the  power  of  the  battery  and  apoo  the  time  of  inuner- 


The  process  of  gilding  is  the  same  as  that  of  silvering, 
except  that  we  use  a  cyanaret  of  gold  and  potassiam,  and  a 
plate  of  gold  at  a,  instead  of  a  silver  one. 
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The  history  of  electro-plating  aiid  electro-gilding  is  briefly  m  fol- 
lowB :  In  1803,  Bbuonatelli  first  gilded  a  silver  medal  by  suspend* 
ing  it  in  a  solution  of  gold  from  the  negative  pole  of  a  battery,  but 
proceeded  no  further.  In  1840,  De  la  Rive,,  of  Geneva,  discovered 
a  process  of  gilding  metals  with  a  battery,  but  by  his  process  much 
gold  was  wasted,  and  the  work  was  unsatisfactory.  In  the  same 
year,  Elkington,  an  Englishman,  discovered  the  process  of  gilding 
by  means  of  the  cyauuret  of  gold  and  potassium.  A  few  months 
later,  RnoLX  succeeded  in  silvering  and  platinizing  raet&ls  by  the 
methods  now  in  general  use.  The  arts  of  electro-plating,  electro- 
gilding,  and  electrotyping  are  now  of  general  application,  and  afford 
occupation  to  thousands  of  artisans. 

0496  cm  auUine  4^  the  history  qf  tUetro-ptcMng  and  etectrthgilding. 


CHAPTER  X. 

^LECTEO-MAGNETISM. 
I. — r  UMDAMENTAL        PRINCIPLES 

Eelation  between  Magnetism  and  Bleotricity. 

496*  It  was  observed  at  an  early  period  that  the  mag- 
netic and  electrical  fluids  had  many  analogous  properties. 
In  each  case  fluids  of  the  same  name  repel,  whilst  those  of 
an  opposite  name  attract.  It  was  also  observed  that  a 
stroke  of  lightning  often  reversed  the  poles  of  a  magnetic 
needle,  and  sometimes  completely  destroyed  its  magnetism. 
The  two  have  also  points  of  dissimilarity.  Magnetic  fluids 
are  not  transmitted  like  electrical  fluids  through  conductors. 
A  magnet  does  not,  like  an  electrified  body,  return  to  a 
neutral  state  when  brought  into  communication  with  the 
earth.  Magnetism  can  only  be  developed  in  a  few,  whereas 
electricity  may  be  developed  in  all  bodies. 

Between  these  analogies  and  dissimilarities  nothing  posi- 
tive could  be  afiirmed  with  respect  to  the  identity  of  mag- 
netism and  electricity,  until,  in  1819,  Ebsted  made  a  dis- 
covery which  showed  that  these  physical  agents  are  most 
intimately  allied,  if  not  identical. 


(  426.)  What  early  obseryatioos  were  made  on  the  relation  of  the  phenomena  of 
electricity  and  magnetism  ?    What  diseimilaritiee  were  noticed  f 
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ft^.^t^^-  of  an  SlaotarieU  Otnzrat  vpoa  »  KBgnat. 

4tT>  Eestkd  discovered  the  feet  that  an  electrical  car- 
rent  hu  »  directive  power  over  the  magnetic  needle,  tend- 
ing always  to  direct  it  at  right  anglea  to  its  own  direction. 

This  action  may  be  shown  by  the  apparatus  represented 
b  Fig.  293.  If  a  wire  be  placed  parallel  to  and  pretty  near 
a  magnetic  needle,  and  then  a  current  of  electridty  be 
passed  through  it,  the  needle  will  turn  around,  and  after  a 


ftw  oscillations  will  come  to  rest  in  a  poration  eenmbly  at 
right  angles  to  the  current.  That  it  does  not  late  a  posi- 
tion absolutely  perpendicular  to  that  of  the  current,  is  be- 
cause of  the  directive  force  of  the  earth,  which  partially 
counteracts  that  of  the  current. 

The  direction  towards  which  the  austral  pole,  that  is,  the  north 
end  of  the  needle,  will  turn,  depends  upon  the  direction  of  the  cur- 

?  Emnto }    EiptilB  tha  »th>D  of  Ot  cUc- 


GENEBAL    PBINGIPLBS    OF    SLECTBO-HAGNBTISM.       453.* 

rent.  If  that  flows  from  south  to  north,  and  ahove  the  needle,  the 
needle  deviates  towards  the  west :  if  it  flows  towards  the  south,  and 
above  the  needle,  the  latter  deviates  towards  the  east.  When  the 
current  flows  below  the  needle,  the  phenomena  are  reversed. 

• 

Ampere's  Law. 

4SS.  Ampere,  to  whom  the  discovery  of  the  greater 
portion  of  electro-magnetic  phenomena  is  due,  gave  a  simple 
expression  to  the  law  which  governs  the  action  of  a  current 
upon  a  magnet.  •  He  supposes  an  observer  lying  down  upon 
the  wire  falong  which  the  current  flows,  the  current  entering 
at  the  head  and  going  out  at  the  feet.  Theii,  if  he  turn  his 
face  towards  the  needle,  the  austral  pole  will  in  all  cases  be 
deviated  towards  his  right  hand. 

Aotioii  cf  BSagnets  upon  Currents,  and  of  Ounrenti  txpoa 

Ourrents. 

429.    Ampere  established  the  following  principles : 

1.  Magnets  exercise  a  directive  force  upon  currents. 

To  illustrate  this,  we  bend  a  copper  wire  into  a  circular  form, 
and  then  dip  its  extremities,  which  should  be  pointed  with  steel, 
into  cups  of  mercury,  one  above  the  other,  as  shown  in  Fig.  294. 
These  cups  communicate  with  the  two  poles  of  a  battery,  by  means 
of  which  a  current  may  be  generated,  flowing  as  indicated  by  the 
arrows.  Now  if  a  bar  magnet  be  brought  near  this  current,  the 
axis  being  in  the  plane  of  the  current,  we  shall  see  the  hoop  turn 
about  the  steel  points  in  the  cups,  and  come  to  rest,  with  its  plane 
perpendicular  to  the  axis  of  the  magiiet.  This  experiment,  which  is 
^ue  to  Ampere,  is  the  reverse  of  that  made  by  Ersted. 

2.  The  earth,  which  acts  like  a  huge  magnet  upon  a  mag- 
netic needle,  acts  in  the  same  manner  upon  movable  cur- 


(438.)  Ezplftin  AifPirftE*B  law.    (429.)  What  is  Ahpxkx'S  first  prineipltt 
iUtutraUd  ?    Hin  second  principle  f 
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rente ;  that  is,  it  directs  them  bo  that  they  are  p^pendicalar 
to  the  magnetic  meridian. 

Thw  may  be  ■hown  by  the  &pp&ratiu  of  Fig.  294.  If  the  nom- 
monintioa  with  the  battery  be  oat  o^  and  the  hoop  be  tnined  till 
ita  plaiw  ooiuoidei  mih  tho  mftgnotio  roehdiui,  it  will  remiun  in  thst 
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position.  If  now  a  enrrent  be  pasEed  through  it,  we  see  it  torn 
■lowly  around  the  pivola,  bo  em  to  lake  a  position  at  right  angles  (o 
the  meridian.  It  will  turn  in  such  a  direction  that  the  eurreut  in 
tho  lower  part  of  the  hoop  will  Sow  from  eaat  to  west. 

3.  Two  parallel  currenta  attract  each  other  when  they 
flow  in  the  same  direction,  and  repel  each  other  when  they 
flov  in  opposite  directions. 

4.  If  a  wire  be  coiled 
into  a  doublo  heCx,  as  re- 
presented in  Fig.  295,  and 
then  be  suspended  b^  its 
steel  points  in  the  ctips  of 
mercury  (Fig.  294)  it  wUI, 
when  a  current  is  passed 

noa^ttAUbtihpv^T    Hl.llHrtpriiiolpl«t    HUftnrth  prindptoT 
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throagb  it,  arrange  itself  in  the  meridian  like  a  magnetic 
needle.  When  the  current  takes  the  direction  6f  the 
arrows,  the  end,  a,  becomes  an  austral  pole,  and  is  directed 
towards  the  north. 

When  thus  saspended,  the  helix  has  all  the  properties  of  a  magnet 
and  is  subject  to  the  same  laws  of  attraction  and  repulsion.  A  helix 
of  the  kind  described  is  called  a  solenoid. 

Ampere's  Theory  of  Magnetism. 

430.  From  the  facts  explained  in  the  last  article.  Am- 
pere deduced  a  theory  of  magnetism.  He  supposes  mag- 
netism to  be  due  to  currents  of  electricity  flowing  around 
the  ultimate  molecules  of  a  magnet,  always  in  the  same 
direction.  The  currents  in  the  interior  of  the  magnet  neu- 
tralize each  other,  and  consequently  the  total  effect  of  all 
the  currents  in  a  magnet,  is  the  same  as  that  of  a  set  of 
Bur&ce  currents  flowing  around  the  magnet,  in  such  a  direc- 
tion, that  if  we  place  the  eye  at  the  south  end  of  a  magnet, 
and  look  in  the  direction  of  the  axis,  the  current  will  flow 
around  in  the  same  direction,  as  the  hands  of  a  watch. 

He  supposes  the  directive  force  of  the  earth  to  be  due  to 
currents  of  electricity  flowing  around  it,  parallel  to  the 
inagnetic  equator,  from  east  to  west.  These  currents  are 
produced  by  variations  of  temperature,  which  arise  from  the 
earth's  revolution  continually  presenting  a  new  portion  to 
the  direct  action  of  the  sun's  rays. 

If  we  conceive  all  the  currents  of  the  magnetic  needle  to  be 
replaced  by  a  single  -resultant  about  its  equator,  and  all  of  the  ter- 
restrial currents  to  be  replaced  by  a  single  ^uatorial  current,  then 
that  portion  of  the  latter  current  which  lies  nearest  the  magnet,  will 
attract  the  lower  part  of  the  current  on  the  magnet,  and  repel  that 
on  the  upper  part,  thus  compelling  the  magnet  to  place  itself  in  the 
meridian. 


What  U  a  iolenoid  t  ( 4S0.)  What  is  Ampebb's  theory  of  magnetiflm  !  To  what 
did  h«  attribute  the  dlrectiye  power  of  the  earth?  Explain  the  oeHon  qf  1h4  Ur- 
retirial  ourrttU  upon  OU  magnetio  needle. 
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Amperb  supposes  that  natural  magnets  owe  thfeir  properties  to 
the  long-continued  action  of  electrical  currents.  We  may  suppose 
magnetic  hodies  to  be  made  up  of  atoms,  having  electrical  currents 
flowing  around  them ;  4hat  is,  of  little  magnets.  These,  when  they 
are  arranged  heterogeneously,  will  exhibit  nd  magnetic  properties. 
When  they  are  by  any  action  brought  into  positions  in  which  their 
similar  poles  are  arranged  in  the  same  direction,  they  become 
magnets. 

Qalvanometer.  —  Galvanic  Bfliiltlpilier. 

481.  A  Galvanometeb  is  an  instrument  for  measuring 
the  force  of  an  electrical 

current.     In  its  simplest  --^  ^ 

form,  it  consists  of  a  mag-  ^^    ^^^==:^mi^^'-^ 

netic  needle,  o^.  Fig.  296, 
with  a  conducting  wire 
passed  around  it  in  the 
direction  of  its  length. 


When  a  current  of  electri-  ^^  ^^ 

eity  i,s  passed    through    the 

wire,  its  presence  will  be  indicated  by  a  motion  of  the  needle,  its 
force  by  the  amount  of  deviation  of  the  needle,  and  the  direction  of 
the  current  will  be  indicated  by  the  direction  towards  which  the 
north  end  of  the  needle  deviates. 

The  Oalyaisic  Muluplieb  is  a  galvanometer  of  great 
sensitiveness,  but  constructed  on  the  same  principles  as  the 
one  already  described. 

It  is  represented  in  Fig.  297.  It  consists  oi  a  copper 
stand,  M,  suppofflnga  glass  cylinder,  as  shown  in  the 
figure.  Under  the  cylinder  is  a  graduated  circle,  beneath 
which  is  a  wooden  frame  wound  with  a  great  number  of 
coils  of  copper  wire.    The  wire  is  insulated  by  being  covered 

Bovt  does  AxpsB*  eaeplain  the  formation  qf  natural  magnets  t  (  481.)  What 
is  a  Oalvanometer?  Describe  it.  Its  action.  What  1a  ft  Oalvsiiio  Maltlpltort 
Describe  It  In  detail. 
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with  silk.  The  two  ends  of  the  coil  communicate  with  the 
binding  screws,  m  and  w,  by  means  of  which  they  may  be 
made  to  communicate  with  the  poles  of  a  magnetic  couple. 
A  metallic  frame  supports  a  hook,  from  which  is  suspended 
a  delicate  silken  cord,  s.  This  cord  supports  two  fine  mag- 
netic needles,  the  one,  ah^  above  the  graduated  circle,  and 


—  -or-      --  -- 

the  other  B,  ^-ithin  the  coil,  only  a  part  of  which  is  visihle 
nthefi^rl'  The  two  needles  are  so  united  that  one  can 
flot  turn  without  the  other,  and  their  poles  be.ng  placed  in 
opposite  directions,  the  action  of  the  earth  upon  them  is 
completely  neutralized.    Hence  they  are  /ree  to  ohey  the 

least  force. 

Uses  of  tha  aalvanic  MultipUer. 
482.    The  Multiplier  is  used  to  indicate  the  feeblest  cur- 
rents  of  electricity.    By  means  of  it,  Becquerel  established 

(43».)  What  Is  the  nse  of  the  MultipUer,? 

2U 
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the  feet  that  a  current  is  developed  in  every  cheriocal  action, 
in  the  imbibition  of  Uquids,  and  in  many  other  phenomen^ 
Bv  using  a  galvanometer  with  many  thousands  of  turns  ot 
wire,  the  existence  of  elecUical  currents  in  animals  and 
vegetables  may  be  demonstrated. 


/^ 


|ik;^^^,Wli^^%iSi^%*%^l^^«^^'^^'^^'?^^^^  1^- 


Fig.  298. 


If  the  current  cease,  the  iron  bar  at  once  loses  its  mag- 
netism. We  may  in  like  manner  form  a  permanent  magnet 
by  using  a  bar  of  steel  instead  of  a  bar  of  iron. 


lUustraU.    (433.)  Howls  an  iron  bar  converted  into  ft  magnet  bygalTaniamf 
In  what  way  may  a  bar  of  ateel  be  conTerted  into  a  magnet? 
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Tbe  bar  of  iteel  may  bIeo  b«  magnetised  by  passiog  throngh  tho 
wire  a  apark  from  a  Leyden  jar.  To  da  thta,  one  end  of  tho  wire  is 
made  to  touch  the  «xteraal  corerjng  of  the  Jar,  and  the  other  end  is 
broag^t  into  contact  with  the  button  of  the  jar.  The  steel  bar  is 
maipietized  instantaneously,  thus  showing  the  identity  between  the 
electricity  of  the  galvanic  corrent  and  that  of  the  Leaden  jar. 


! 


The  BiBCtto-Magset. 

434.    An  ELBCTfio-MAGXET  is  a  magnet  obtamed  by  tho 
use  of  electricity. 

Electro-m^nets  are  generally 
made  of  ro&  iron,  bent  in  the 
form  of  a  horse-shoe,  as  shown 
in  Fig.  209.  Upon  each  branch 
is  wound  a  great  number  of 
coils  of  wire,  insulated  by  being 
covered  with  ulk.  The  wire  is 
coiled  in  different  directions 
upon  the  two  branches,  and  its 
extremities  are  then  connected 
with  the  poles  of  a  battery. 


Fig.  Sit. 


In  this  way  magnets  may  be  constructed  of  immense  power,  sa 
powerful,  in  fact,  as  to  support  the  weight  of  (en  or  tweWe  persons. 
Fig.  300  represents  the  method  of  arranging  the  details  of  a  magnet 
which  is  intended  to  exhibit  a  great  suslaining  power. 

The  plate  in  contact  with  the  two  poles  is  called  an  arma- 
ture. 

When  the  instrument  is  of  soft  iron,  it  is  magnetized  instantane- 
ously  by  the  passage  of  a  current  of  electricity  through  the  wire,  and. 
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t«  initantaneoustf  loses  its  magiictiBin  wlien  the  current  is  stepped, 
at  broktn.  This  property  has  been  utilized  iu  the  electro-magneue 
telegraph. 

Tha  Eleotrlcal  Tefegraph. 

439.  An  Electrical  Telegraph  ia  an  apparatus  for 
trani^itting  intelligence  to  a  distance  by  means  of  electrical 
currents. 

Tn^tSW,  Ampkre  proposed  to  transmit  signals  by  pasBing  eurrenta 
wbt  tn&inietic  needles,  making  use  of  as  many  wires  and  needles  as 
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there  are  letters.  In  1837,  Steinheil,  of  Munich,  actually  con* 
structed  such  a  telegraph. 

In  1831,  Prof.  Henr7,  now  of  the  Smithsonian  Institute,  puh* 
lished  the  results  of  his  researches  on  the  suhject  of  electro-mag- 
netiflm,  and  in  suhsequent  years,  exhibited  experiments  illustrative 
of  their  application  to  the  transmission  of  power  to  a  distance,  for 
the  pnrpoee  of  producing  telegraphic  effects. 

In  1837,  Prof.  Morse  invented  a  machine  for  recording  signals 
upon  paper,  and  in  1844,  the  first  working  line  of  telegraph  for 
praotioal  purposes  was  built  from  Washington  to  Baltimore. 

Many  modifications  of  the  telegraphic  apparatus  have  been  made 
since  its  first  invention.  Three  principal  varieties  are  now  in  use,  all 
of  which  are  based  upon  a  common  principle,  which  is  very  simple. 

At  liie  station  from  which  a  telegram  is  dispatched,  is  an  electrical 
battery,  and  at  the  one  where  it  is  to  be  received,  is  an  electro-mag- 
net. The  two  are  connected  by  a  wire  running  between  the  stations. 
When  the  current  is  transmitted  through  the  wire,  the  iron  becomes 
magnetixed  and  attracts  an  armature  of  soft  iron,  which  in  turn 
imparts  motion  to  other  pieces,  by  means  of  which  the  signals  are  im- 
parted. When  the  current  ceases,  the  iron  loses  its  magnetism,  and  a 
spring  forces  the  armature  back  to  its  primitive  position.  By  succes- 
sively breaking  and  restoring  the  current,  the  telegram  is  transmitted. 

In  one  form  of  the  telegraph,  the  electro-magnet  causes  a 
needle  to  move  over  a  sort  of  dial,  around  which  are  printed 
the  letters  of  the  alphabet.  The  letter  before  which  the 
needle  stops,  is  the  one  to  be  transmitted.  This  machine 
requires  as  many  signals  as  there  are  letters  in  the  message. 
This  is  the  dial  telegraph. 

In  another  form  of  the  telegraph,  there  are  two  electro- 
magnets, which  set  in  motion  two  movable  arms  placed  at 
the  extremities  of  a  horizontal  black  line  on  a  white  dial- 
plate.  The  relative  positions  of  the  hands  with  reference  to 
the  fixed  line,  serve  as  conventional  signals,  nearly  in  the 
same  way  as  was  customary  in  the  old-fashioned  telegraph. 
Thb  is  the  signal  telegraph. 


How  tnany  kinds  are  in  common  use  f    Explain  their  general  principle.   What 
is  the  diml  telegraph  ?    The  signal  telegraph  ? 
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The  dial  telegraph  is  used  in  France  on  the  lines  of  rul- 
vays.  The  ugnal  telegraph  was  used  in  France  for  ordiosry 
purposes  until  it  was  replaced  bj  Mobse'b  registering 
^paratus. 

ManA  SegffMnrlaf  Ttlagn^ 

430.  Id  Mobsb'b  telegraph,  the  telegram  is  permanently 
registered  upon  paper  by  means  of  a  conventional  alphabet. 


Fig.  301  represents  the  method  of  dispatching  a  telegram, 
and  Fig.  302  represents  the  method  of  receiving  it.    At 
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each  statioQ  the  apparatus  is  identical,  but  it  is  double ;  that 
ia,  composed  of  two  pieces,  the  manipulator  and  receiver. 
These  pieces  are  showD  more  in  detail  in  Figs.  303  and  304. 
In  order  to  explain  the  working  of  this  telegraph,  lot  ua 
commence  with  Fig.  301. 

Under  the  table  is  sliown  the  battery  which  fhmishos  the 
electrical  cnrrent  The  current  is  conducted  by  the  wire,  P, 
into  the  manipulator,  which  will  be  described  hereafter. 


From  thence  it  goes  into  a  galvanometer,  jjf,  which  indicates 
by  a  needle  the  passage  of  the  current ;    it  next  passes 


sethoil  of  worklDg  Ibla  Ulegraiih. 
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through  a  piece,  M,  that  sei'ves  »s  a  safeguard,  and  from 
thence  reaches  the  wire,  Z,  which  passes  to  the  station 
where  the  message  is  to  be  delivered.  We  see  the  same 
wire  entering,  at  the  top  of  Fig.  302,  whence  the  current 
passes  through  a  safeguard,  M,  then  into  the  galvanometer, 
from  which  it  goes  to  the  electro-magnet  of  the  receiver. 
After  passing  through  the  electro-magnet,  it  passes  through 
the  wire,  T,  and  is  lost  in  the  earth. 

Uorsa'a  UaaJpulator  and  Beoeivtf. 

J3T.     Mouse's  Manipulatoe  is  shown  in  Fig.  303.     It 

consists  of  a  wooden  stand,  upon  which  ia  a  metallic  lever, 

AA,  turning  about  a  horizontal  axis.    One  end  of  this  lever 

is  raised  up  hj  a  spring,  r,  and  the  other  is  traversed  by  a 


Fig.  S03.  .  ' 

Stem,  a,  which  rests  upon  a  copper  button,  and  this  in  tnm 
communicates  through  the  stand  with  the  wire,  A.  Fig.  303 
represents  the  manipulator  at  the  instant  when  it  receives  a 
dispatch.  The  current  arrives  by  the  wire,  i,  which  ia  the 
wire  of  the  line,  rises  into  the  lever,  kh,  and  descends  by 
the  wire,  A,  to  the  receiver. 

When  it  ia  desired  to  transmit  a  signal,  it  becomes 
necessary  for  the  current  from*  the  battery,  P,  to  enter  the 
manipulator.  This  is  not  effected  when  the  latter  is  dis- 
posed aa  in  Fig.  303,  for  the  lever,  kh,  doea  not  touch  the 
button  in  which  the  ^vire,  P,  terminates.    By  pressing  the 

(437-)D«crlbetlieUiiIilpal»orlDdel>l[.    Ita  uh. 
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button,  J5,  the  lever,  M,  is  lowered ;  a  contact  is  established, 
the  current  passes  ijpLinediately  into  the  wire,  i,  which  leads 
to  the  other  station. 

The  Receiver,  Fig.  304,  is  composed  of  an  electro-mag- 
net, M^  which,  whenever  a  current  is  transmitted,  acts  by- 
attraction  upon  an  armature  of  soft  iron,  m^  fixed  at  the 
extremity  of  a  lever,  mw,  and  movable  about  an  axis.  At 
its  "Extremity,  w,  the  lever  carries  a  point,  aj,  which  may  be 
made  to  press  against  a  movable  fillet  of  paper,  ah.  When 
the  current  does  not  pass  through  the  electro-magnet,  the 
point,  x^  does  not  press  against  the  fillet ;  but  as  soon  as  the 
current  passes,  the  point  is  pressed  against  the  paper,  and 
traces  upon  \i  either  a  point,  or  a  Une  more  or  less  elongated. 


according  to  the  length  of  time  during  which  the  current  is 
uninterrupted. 

The  fillet  of  paper  is  kept  in  motion  uniformly  by  means 
of  a  train  of  clock-work,  FJ  which  turns  the  cylinder,  Z 
(Fig.  301).  The  fillet  of  paper  moving  uniformly  in  the 
direction  from  a  to  6,  the  operator  at  the  other  station,  by 
pressing  the  button  of  the  manipulator,  and  maintaining  the 
pressure  for  greater  or  lesser  periods  of  time,  causes  a  suc- 
cession of  points  and  marks  to  be  made  upon  the  fillet  at 

Deseribe  tbe  Receiver  in  detail   It«  use.  How  is  the  fillet  of  pspn  kept  in  motion  ? 
How  ere  the  letters  recorded  f 
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]Ieamire.  These  marks  are,  by  cenveDtion^  made  to  stand 
for  the  letters  of  the  alphabet,  as  shown  in  the  following 
table  * 

MORSJB^S     ALPHABET. 


a 

J 

0    •  « « 

1^     aM^    •     •     • 

k 

t   — . 

^      •      m           • 

I    

u  .  .— 

d 

e  • 

m  —  — 
B 

T     '  .  .  

W 

f 

0   •     . 

X  . . 

g 

P  •  ••!• 

y 

U    '   *   *   ' 

q 

2  ■  *  •  • 

i   •  • 

r   •     -  . 

• 

agiparatus,  it  is  given  off  by  the  points  to  the  piece  which 
is  in  communicatioD  with  the  earth,  and  shocks  are  thus 
avoided. 

In  what  has  been  said,  only  a  single  wire,  L,  has  been  spoken  of 
as  rtinning  from  station  to  stati<m.  It  would  seem  to  be  necessary, 
in  order  to  complete  the  eireuit.  that  a  second  wire  should  be  em- 
ployed ;  such  however  is  not  the  ease.  The  employment  of  a  second 
wire  is  avoided  by  connecting  the  two  ends  of  the  single  wire  ^ith 
the  earth.     The  parts  T,  Figs.  301  and  302,  are  for  this  purpose 


.  "Explain  the  Protector.    Ita  ase*    WAff  ie  it  po9Hbh  to  op^rah  a  Un$  qfUUgtvph 
uiL%  a  HngU  vdre  t 
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prolonged  from  the  instruments  till  brought  into  free  communication 
M'itih  the  earth.  The  fluid  then  continues  to  circulate  just  as  though 
a  return  wire  liad  be^  used. 

Velocity  of  Electricity.— Submarine  Cables. 

438.  It  has  been  found  by  experiment  tbat  the  velocity 
of  electricity  is  such  as  to  carry  a  current  around  the  earth 
in  about  a  quarter  of  a  second.  For  short  distances,  then, 
we  may  regard  the  transmission  as  instantaneous. 

Since  the  invention  of  the  telegraph,  a  complete  net- work  of  lines 
has  been  established  over  both  continents.  Not  only  have  thousands 
of  miles  of  wires  been  stretched  on  land,  but  submarine  wires  have 
been  laid,  connecting  places  separated  by  hundreds  of  miles  of  water. 
Telegraphic  wires  connect  England  and  Ireland,  England  and  France, 
France  and  Algiers,  and  so  on.  Finally,  an  attempt  has  been  made 
to  connect  the  two  continents,  and  although  it  has  thus  far  failed  to 
be  successful,  there  is  good  reason  to  anticipate  a  complete  sucoess 
at  no  distant  day.  Signals  and  messages  have  been  transmitted 
from  Ireland  to  Newfoundland,  and  the  possibility  of  the  connection 
has  thus  been  fully  demonstrated.        ^ 


Sleotro-Magnetio  Motor. 

489.  Many  attempts  have  been  made,  and  with  partial 
success,  to  employ  electro-magnetism  as  a  motor  for  the 
propulsion  of  machinery.  Jacobi,  of  St.  Petersburg,  con- 
structed an  engine  of  this  kind  in  1838,  which  was  capable 
of  propelling  a  boat  containing  twelve  persons.  Many  other 
machines  have  since  been  constructed,  but  in  all  cases  the 
expense  of  moving  them  has  been  so  great  as  to  preclude 
their  economical  use. 

Fig.  305  represents  an  electro-magnetic  machine,  constructed  ac- 
cording to  the  design  of  M.  Froment.     It  is  composed  of  four  electro* 

(438)  What  is  the  velocity  of  an  electrical  carrent?  Give  cm  Cbceotm^  ofsomB 
of  the  9ubmarin6  Unes  qftelsgrapTu  (  439.)  Has  electricity  been  .used  M  a  motor  ? 
Deacribe  M.  Fbom  bkt^  machine  in,  detail. 
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magnets,  acting  in  pairs  upon  two  pieces  of  soft  iron,  P,  only  one 
of  which  is  seen  in  the  flgare.  These  pieces,  attracted  by  the  electro- 
magnets,  EF,  transmit  the  motion  by  means  of  a  working-beam,  to 
a  crank,  m,  fixed  at  the  extremity  of  a  horizontal  arbor.  The  latter 
bears  an  iron  fly-wheel,  which  regulates  the  motion.  Finally,  the 
same  arbor  supports  a  piece  of  metal,  n,  of  a  greater  diameter,  the 
use  of  which  will  be  explained  presently. 

The  current  from  the  battery,  P,  entering  A,  passes  into  a  plat- 
form of  cast-iron,  B,  then,  through  different  metallic  pieces,  it 
reaches  the  arbor  and  the  piece  n.  From  thence  the  current  flows 
alternately -to  the  electro-magnets,  EF  and  ef.  The  manner  in 
which  this  alternate  flow  is  effected,  is  shown  in  Fig.  306,  which 
represents  a  section  of  the  piece,  n,  and  its  accessories.  Upon  the 
piece,  n,  is  a  projection,  e,  called  a  cam,  which  in  the  course  of  one 
revolution  touches  successively  two  pallets,  a  and  5;  these  transmit 
to  the  electro-magnets  the  current,  whose  course  is  indicated  by  the ' 
unfeathered  arrows.  The  feathered  arrows  in  the  figure  show  the 
direction  in  which  the  parts  of  the  machme  move. 

The  current  passing  alternately  into  the  two  pallets,  a  and  b,  and 
thence  into  the  systems  of  electro-magnets,  EF  and  e/,  the  piece,  P, 
is  first  attracted,  and  then  a  similar  piece  at  the  other  extremity  of 
the  arbor  of  the  fly-wheel  is  attracted,  and  so  on.  The  result  is  a 
continuous  rotary  motion,  which  is  transmitted  by  a  driving<band 
to  a  train  of  wheels,  and  so  on  to  the  pumps,  which  it  is  destined  to 
work.  _ 

III.  —  INDUCTION. — APPLICATION      TO      MEDICINE. 

Induction  by  Currents. 

4140.  We  have  seen  that  the  electricity  of  the  machine 
acts  upon  bodies  by  induction.  The  electricity  of  the 
battery  acts  in  "a  similar  manner,  but  only  when  the  cur- 
rents begin  to  flow  and  when  they  cease. 

To  show  this,  take  two  copper  wires,  covered  with  silk,  and  wind 
them  side  by  side  upon  a  bobbin.     Then  fasten  the  two  ends  of  the 


ito^riuNfo  tfaeUtm.    (  44a)  Does  galvanic  electricity  set  by  indnetlon?   Mhw  49 
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firRl  wire  tothe  two  binders,  m  and  n,  of  the  galvanometer,  Fig.  297. 
Next  oonneot  one  end  of  tlie  second  wire  with  one  pole  of  a  feeble 
galvanic  batterp  If  the  other  end  of  the  second  wire  be  brought 
into  contact  with  the  second  pole  of  the  battery,  at  the  instant  of 
oentact  the  needle  of  the  galvanometer  will  indicate  the  produotioa 
o£  a  carrent  in  the  first  wire,  flowing  in  an  opposite  direction  to  that 
of  the  battery.  If  the  contact  is  kept  up,  the  flow  of  the  induced 
current  ceases,  as  is  shown  by  the  needle  of  the  galvanometer  re- 
turning to  its  position  of  rest.  If  the  current  of  the  battery  is  broken, 
the  needle  of  the  galvanometer  is  again  deviated,  but  in  a  contraiy 
direction,  indicating  an  induced  current  flowing  in  the  same  direction 
as  that  of  the  battery. 

]  The  battery  current  is  called  the  inducing  current ;  the 
other  current  is  called  the  induced  one.  These  currents 
cpnform  to  the  following  laws : 

1.  At  the  instant  when  the  inducing  current  begins  to 
flow,  an  induced  current  is  developed  flowing  in  a  contraiy 
direction. 

^.  The  inducing  current  continuing  to  flow,  the  induced 
cuiTent  ceases. 

8.  At  the  instant  when  the  inducing  current  ceases  to 
flow,  an  induced  current  is  developed  flowing  in  the  same 
direction. 

Fropertles  of  Induced  Ourrsnts. 

441.  Experiment  has  shown  that  induced  currents 
possess  all  the  properties  of  other  electrical  currents.  Like 
them,  they  give  sparks,  produce  violent  shocks,  decompose 
water,  salts,  and  the  like,  and  act  upon  the  magnetic  needle. 

Induced  currents  are  the  more  powerful,  the  longer  the  wires  em- 

WhcU  is  ffte  direction  o/the  induced  current  at  the  ingkxnt  ofeioHng  the  cir- 
dtitf  Of  breaking  it  T  What  is  the  inducing  current  r  The  ifldnced  one?  Whet 
•M  the  laws  that  goveni  ^b»  indnoAd  oniTCBteY  (441.)  What  vw  the  propeiiiM  of 
Induced  enrrente? 
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ployed.    Hence,  in  practice  it  is  aiual  to  wind  the  wiraa  upon  bob- 
bin*, aa  shown  in  Fig.  307. 

The  coil  showD  in  Fig.  307,  cannats  Rttt  of  &  cylioder  of  pute- 
board,'upon  wbieh  ie  wound  aboul  three  hundred  coils  of  coarse 
copper  wire.  This  Is  Ute  iuduciDg  coil.  Over  it  is  a  finer  wire,  mak- 
ing.seTeral  thousand  coil*.    These  wires  are  not  only  eorered  with 


■ilk,  but  aim  with  an  insnUling  Tarnicb  of  gumlao.  At  the  ex- 
treme left  of  the  stand  on  which  the  coil  reats,  are  two  binders 
in  conoeetion  with  the  two  poles  of  a  battery.  From  one  of  them 
proceeds  a  plate  of  copper,  going  to  a  toothed  wheel,  moved  by  clock- 
workj  and  communicating  with  one  of  the  ends  of  the  inducing  coil ; 


m%d  t    Sim  initialtd  I    How  art  tAt  haU*r)i  ii«»dhm<- 
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the  second  binder  is  in  communication  with  the  other  end  of  the  same 
coil.  The  two  ends  of  the  finer  wire  are  also  connected  with  binders, 
and  through  them  may  be  connected  with  any  conductor  whatever. 
For  the  purpose  of  administering  a  shock,  the  binders  are  provided 
with  wires  having  copper  handles,  which  are  to  be  grasped,  as  shown 
in  the  figure. 

When  the  instrument  is  in  operation,  the  current  from  the  battery 
is  continually  broken  by  means  of  the  toothed  wheel,  and  there 
results  a  succession  of  shocks,  two  at  each  interruption  of  the  cur- 
rent. The  shocks  that  arise  at  the  beginning  of  the  fiow  are  almost 
nothing,  whilst  those  which  take  place  at  the  time  of  interruption 
are  quite  severe. 

The  force  of  these  shocks  may  be  graduated  by  introducing  iron 
rods  successively  into  the  interior  of  the  coil.  The  rods  being  alter- 
nately magnetized  and  then  losing  their  magnetism,  act  upon  the 
fine  wire  by  induction,  and  augment  the  intensity  of  the  shocks  at 
the  instant  of  breaking  the  current 


Fh3rBiological  efiects  of  Slectrical  Currents. 

442*  Electrical  currents  have  been  employed  in  the 
treatment  of  certain  diseases,  especially  those  connected 
with  the  nervous  system.  Electricity  has  a  powerful  action 
upon  the  animal  economy,  and  when  judiciously  applied 
possesses  considerable  curative  power. 

Fig.  308  represents  one  of  the  many  forms  that  have  been  given 
to  the  electrical  apparatus,  for  the  purpose  of  acting  upon  the  human 
body.  It  consists  of  a  wooden  box,  upon  which  is  mounted  a  copper 
cylinder,  inclosing  a  bobbin  of  two  wires.  The  box  has  a  drawer  of 
zinc,  in  which  is  a  small  quantity,  of  salt  water.  A  plate  of  well 
calcined  carbon,  impregnated  with  nitric  acid,  is  plunged  into  this 
solution.  In  a  word,  the  combination  constitutes  a  modified  form  of 
a  BuNSEN^s  couple.  Two  copper  slips  communicate,  the  one  with 
the  zinc  and  the  other  with  the  carbon,  conducting  the  current  jto  the 


Bow  are  thocka  gUten  t  Whmi  etrranffement  i8  mads  fiyr  eotiHnuaUg  brsakinQ 
the  eurreiUr  Sow  may  the  ehocka  he  inereaacd  f  (  442.)  What  appllcfttloii  ku 
bMnmad«  to  medicine?    Ebrpiain  Ftg.  90^ 
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JtiTse  wire  of  the  coil,  through  a  piece  of  maehinety  for  breaking  the 
current.  Thii  current-breaker  cotiBisIs  of  a  rmall  plate  of  soft  iron, 
attracted  by  an  electro-magnet  in*  the  centre  of  the  bobbin.  It  is 
attracted  when  the  current  passes,  and  immediately  i«termpt»,  or 
bnaka  h.    The  induced  current  ia  conducted  by  vires  to  two  sponges  . 


saturated  with  Bait  water,  or  fresh,  according  as  it  is  desired  to  muko 
a  more  or  less  intimate  communication  with  the  part  through  wh'ch 
the  Bhoclu  are  to  be  passed.  Finally,  the  method  of  applying  tha 
shocks  is  shown  in  Fig.  SOS. 


Electrical  Fishes. 

•'  448.  Certain  fishes  possess  the  povKr  of  imparting  a  shock  that 
compares  in  intensity  with  that  of  a  powerful  Leyden  jar.  Such 
fishes  are  called  electrical  Qsheti,  and  are  of  three  kinds,  the  most 
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interesting  of  which  its  the  electrical  eel  of  South  America.  This 
fish  waa  etudied  by  Humboldt  and  Bonplanu,  who  have  given  a  com- 
plete description  of  it. 

The  shocks  given  by  electrical  fishes  are  due  to  electricity 
generated  in  the  body  of  the  fish.  Matteuci  showed  that  sparks 
could  be  obtained  from  the  fish,  and  also  that  the  galvanometer  is 
afiected  when  one  of  its  wires  is  brought  into  connection  with  the 
back  of  the  fish,  and  the  other  with  its  belly. 

In  all  cases  the  shock  is  voluntary,  and  serves  as  a  meaiui  of 
defense  against  enemies. 

7btoAalar«fMrsJl0eit<tfif«r    ir%0««U«rwili0«t<o0r«flUi<f«^B£ATnvci? 


CHAFFEE  XI. 

APPLICATION   OP  PHYSICAL  PRINCIPLES  TO  MACHINXS. 
I.  —  GBNEBAL     PBINOIPLEB. 

Definitioii  of  a  Machine. 

444.  A  MACHINE  is  a  contrivance  by  means  of  which  a 
force  applied  at  one  point,  is  made  to  produce  an  effect  at 
some  other  point. 

The  force  applied  is  called  the  power ,  and  the  force  to  be  overcome 
is  called  the  resistance. 

Motors. 

445.  The  working  of  a  machme  requires  a  continued 
application  of  power.    The  source  of  this  power  is  called 

the  HOTOB. 

Some  of  the  most  important  motors  are  muscular  effort^  as  exerted 
\j  man  or  beast;  in  various  kinds  of  work ;  the  weight  and  impulse 
ef  water ^  as  in  water-mills ;  the  impulse  of  air ^  as  in  wind-mills ;  the 
elastic  force  of  springs^  as  in  watches;  the  expansive  force  of  vapors 
and  gaseSy  as  in  steam  and  hot-air  engines.  The  last  is,  perhaps, 
the  most  useful  of  the  motors  mentioned. 

Object  and  Utility  of  Machines. 

446*  The  object  of  a  machine  is  to  transmit  the  power 
furnished  by  the  motor,  and  to  modify  its  action  in  such  a 
manner  as  to  cause  it  to  produce  a  useful  effect. 


(44k4.)WhatlBamaehineT    7^  power  t    The  renistance  f   (445.)  What  is  a  mo- 
tor?  Mt»iiUfnsom%qf  the  most  import€ML    (446.)  WlMJb\«llAo\s\«t^<^{«.\fiM^^b&a^\ 
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In  no  ease  does  a  machine  add  anything  to  the  power  applied  to  it; 
on  the  contrary,  it  absorbs  more  or  less  of  this  power,  according  to 
the  nature  of  the  work  to  be  done  and  the  connection  existing 
between  the  parts. 

Some  of  the  circumstances  which  cause  an  absorption  of  power 
are  the  rubbing  of  one  part  upon  another,  the  stiffness  of  bands  and 
belts,  the  resistance  of  the  air,  the  adhesion  of  one  part  to  another, 
and  the  want  of  hardness  and  elasticity  in  the  materials  of  which  the 
machine  is  constructed.  The  resistances  arising  from  these  causes  are 
called  hurtful  resistances.  They  not  only  absorb  much  of  the  xH>wer 
applied,  but  they  also  contribute  to  wear  out  the  machine.  The 
existence  of  these  resistances  in  every  machine  requires  a  continued 
supply  of  power  to  overcome  them,  in  addition  to  that  necessary  to 
perform  the  useful  work.  Hence  the  absurdity  of  attempting  to 
obtain  perpetual  motion. 

Quantity  of  Work  of  a  Foroe. 

44T.  The  idea  of  work,  in  mechanics,  implies  that  a 
force  is  continually  exerted,  and  that  the  point  at  which  it  is 
applied  moves  through  a  certain  space.  Thus,  in  raising  a 
weight,  the  work  performed  depends  first  upon  the  weight 
raised,  and  secondly  upon  the  height  through  which  it  is 
raised.  The  qtuintity  of  work  of  a  force  in  any  given  time, 
is  measured  by  the  intensity  of  the  force^  expressed  in 
pounds,  multiplied  by  tJie  distance  through  which  it  is  eav 
erted^  expressed  in  feet.  This  distance  is  called  tlie  path 
described. 

XSquflibrium  of  a  Machine. 

44§.  A  machine  is  in  equilibbium  when  the  power  and 
resistance  exactly  balance  each  other. 

In  determining  the  circumstances  of  equilibrium,  it  is  customary  to 
neglect  the  hurtful  resistances  in  the  first  approximation,  and  then  to 


Can  a  machins  oreaU  power  f  What  are  hw^ful  reaietaneee  t  7%eir  ^eelf 
(447.)  What  is  meant  hj  work?  lUustrate.  What  is  the  tneaeure  t^the  quanUtg 
qffoorkf  (*4:S.)  Whea  is  a  machine  In  equilibrium?  What  is  t^e  eondmoni^ 
equilibrium  token  (h«  hurtful  reeistancea  are  neglected  t 
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take  acconnt^  of  them  as  corrections.  If  the  hurtful  resistances  be 
neglected,  it  will  be  found  that  any  machine,  working  uniformly,  is 
in  equilibrium,  when  in  any  given  time  the  quantity  of  teorh  of  the 
power  is  equal  to  that  of  the  renstanee. 


11.^— BLEMENTABT     MA0HINB8, 

Mechanioal  Po^^era. 

449.  The  elementaiy  machines  are  seven  in  number,  viz., 
the  cord;  the  lever/  the  inclined  plane  ;  Xh^pvUey;  the  wJiei^ 
and  axde ;  the  screw ;  and  the  wedge.  These  seven  are 
called  mechanical  powers.  The  first  three  are  simple  ele- 
ments ;  the  remaining  ones  are  combinations  of  these  three. 

The  principles  of  the  lever  and  inclined  plane,  so  far  as  necessary 
to  an  understanding  of  the  principles  of  Physics,  have  already  been 
explained  in  Chapter  I.  In  the  following  articles  those  principles  are 
repeated,  in  connection  with  a  description  of  the  other  mechanical 
powers.  In  the  cuts  which  follow,  the  power  and  resistance  are 
represented  by  arrow-heads,  the  former  being  denoted  by  the  letter 
P,  and  the  latter  by  K. 

The  Cord. 

450.  Cords,  and  bands  or  belts,  are  used  for  transmit- 
ting motion  from  one  point  to  another,  as  in  the  pulley. 
Chains  are  often  employed  for  the  same  purpose,  as  in  the 
watch. 

Cords,  belts,  and  chains,  should  be  as  flexible  as  is  consistent  with 
sufficient  striength. 

The  Lever. 

451.  A  LEVEB  is  an  inflexible  bar,  free  to  turn  about  an 
axis.  This  axis  is  called  the  fijlcbum.  (See  Arts.  30, 31,  and 
82.)     Levers  may  be  either  straight  or  curved.     The  dis- 

(449.)  How  many  mechanical  powers  are  there  T  Name  them.  (450»)  What  to 
6ia  hm  of  a  eord  or  hand  In  maehinery  T    (4i^l*>  Wl^ai  V%  ti  \«t«c  t 
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tances  from  the  fidcrnm  to  the  lines  of  direction  of  the 

^  power  and  resistance  are  called  lever 

arms. 

In  the  lever,  MN,  F  is  the  falcmni,  MP 
and  NB  are  the  lines  .of  direction  of  the 
power  and  resistance,  FA  is  tlie  lever  arm 
of  the  power,  and  FB  is  the  lever  arm  of 
**••**•  the  resistance. 

Levers  are  divided  into  three  douses: 

In  the  first  elcus  (Fig.  810),  the  folcrom  is  between  the  power  and 
the  resistance.    The  steelyard  is  a  lever  of  this  class. 

In  the  second  cla/ss  (Fig.  811),  the  resistance  is  between  the  power 
and  fulcmm.    The  radder  of  a  ship  is  a  lever  of  this  class. 

In  the  third  elcus  (Fig.  812),  the  power  is  between  the  resistanoe 
and  the  fnlcmm.    The  treadle  of  a  lathe  is  a  lever  of  this  class. 
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Fig.  811. 
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In  all  cases  the  paths  described  bj  the  points  of  application  of  the 
power  and  resistance  will  be  proportional  to  their  lever  arms,  and 
when  .in  eqailibrium,  the  power  will  be  to  the  resistance  as  the  lever 
arm  of  the  resistance  is  to  the  lever  arm  of  the  power. 

Compound  Levers. 

45ii.  A  COMPOUND  LEVER  Is  a  combination  of  simple  levers,  se 
arranged  that  the  resistance  in  one,  acts  as  a  power  in  the  next^ 
throughout  the  combination. 

Compound  levers  are  used  for  magnifying  small  motions,  as  in 
showing  the  expansion  of  bodies ;  or  to  enable  a  small  weight  to 
balance  a  large  one,  as  in  the  hay-scale  and  in  other  weighing 
machines.  The  principle  of  the  compound  lever  applies  in  traina  of 
wheelwork. 


Folomm?    Lever  arms?    lUuitraU,    BowmanytlUfUMofltn^nareihtirtt   D^ 
serib€€tekcla9»^andmu9trate,    (45Ji.)  WkaiUaeompoundlmtsrr   Its  QMS? 
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The  Tnolined  Planai 

453.    An  iKCLiNED  PLANB  is  a  plane  inclined  to  the 
horizon.     (See  Arts.  49,  50,  and  51.) 

In   machinerj,  the   inclined   plane   is  seldom  used,  except   in 
oombination. 


The  Pulley. 

454«  A  PiTLLEY  is  a  wheel  free  to  turn  about  on  axis, 
and  having  a  groove  aronnd  it  to  receive  a  cord.  The  axis 
turns  in  a  frame  called  a  hloek, 

A  pulley  is  said  to  be  fxedL  or  movable,  according  as  its  block  is 
fixed  or  movable. 

Single  Fized  Pulley. 

455.  In  this  pulley  the  block,  O,  is  fixed,  and 
the  wheel,  AB,  turns  within  it.  The  effeo^  of  the 
fixed  pulley  is  simply  to  change  the  direction  of  a 
force. 

Single  Movable  Pulley. 

456.  In  this  pulley  the  block,  O,  is  movable,  and  the 
wheel  turns  within  it.  .  C 


Pulleys  are  combinations  of  the  cord  and  lever.  In 
the  fixed  pulley  we  may  regard  AB  as  a  lever,  whose 
lever  arms  are  OA  and  OB,  and  whose  fulcrum  is  O. 
In  the  movable  palley  we  may  regard  AB  as  a  lever  of 
the  second  class,  whose  fulcrum  is  A,  and  whose  lever 
arms  are  AB  and  AO. 

Pulleys  are  used  for  raising  weights,  for  working  the 
rigging  of  ships,  and  the  like.    They  are  frequently  used 
in  combinations. 
, j: 


B 


Fig.  814 


(453.)  What  is  an  inclined  plane?    (454.)  What  it  a  pnlley  f    A  block  f    When 
fiiBDed  t   Movable  t   (455.)  Describe  the  8in|^e  fixed  pnlley.    Its  effect.    (456.)  De> 
Mribe  the  tingle  movable  paUey.    Cf  whai  HmpU  macMnee  ar4  puUeiyt  eompoeed  t 
JUttetraU,         ^ 
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fVrtwWnaHfm«   of   PulleyA 

45T.    Flgara  BIB  repreienla  a  combination  of  three  morabla 
palleji,  in  vhioh  tLere  is  a  separate  cord  for  each  pnlle?.     One  end 

.    of  each  cord  is  attached  to  a  flied  sop-     ^^ — , 

port,  the  other  end  being  attached  to  the 
block  of  the  pollej  next  in  order,  eicept 
the  last  one,  at  the  free  eitremitj  of 
vhloh  the  power  is  applied.  The  re- 
aUtwice,  B,  i»  applied  to  the  block  of  the 
first  pulle;.    This  combination  is  difii-  i[ 


onic  U 


3,  and  ocenpiea  a  great  deal  of  p 
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Figure  810  represents  a  combination 
of  fixed  and  movable  potleja,  the  former 
in  one  block  and  the  latter  in  another. 


A  single  cord  is  employed,  hfiving  one 
end  made  fast  to  the  fixed    block,    and    then     poEsing  ^ 

aroand  the   wheels,  alternating   between   those   in'  the      ^''-  *** 
movable  and  those  S{  the  fixed  block.     The  power  is  applied  at  the 
free  extrerattj  of  the  cord,  and  the  re^'stance  to  the  movable  block. 
The  pullejs  in  each  block,  instead  of  being  one  above  another,  as  ia 
the  fignre,  are  often  placed  side  hj  side. 


The  WLeel  and  Azlei 

4SS.  The  WHEEL  AND  AxtK  consists  of  a  wheel,  or  drnm, 
A,  moDDted  upon  an  axle,  B.  The 
power  is  applied  at  one  extremity  of  a 
cord  wrapped  around  the  wheel,  and 
the  reeistance  at  one  extremity  of  a 
second  cord  wrapped  around  the  axle 
in  a  contrary  direction.  The  whole  is 
napported  on  a  suitable  frame,  by 
means  of  pivots  projecting  &om  the 
««■  Mr-  ends  of  the  axle. 


(*IT.)  o 
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Th«i  principle  of  the  wheel  and  axle  is  similar  to  that  of  the  pnllej, 
and  it  is,  like  that  machine,  a  combination  of  the  cord  and  the  lever. 
In  machinery  its  principal  use  is  in  transmitting  motion  of  rotation 
from  one  piece  to  another. 

The  Windlass  and  Capstan. 

459.  The  windlass  consists 
of  an  axle,  or  arbor,  AB,  and 
a  crank,  BCD,  by  means  of 
which  it  is  turned.  The  crank 
consists  of  an  arm,  Bp,  perpen- 
dicular, to  the  axle,  called  the 
cranh  arm,  and  a  second  arm, 
DO,  perpendicular  to  the  first, 
called  the  cranh  handle.  The 
power  is  applied  to  the  crank 


3 


VBr 


Fig.  818. 

handle,  and  the  resistance  to  a  rope  wrapped  around  the  axle.    The 
windlass  is  principally  used  in  raising  weights. 

The  capstan  differs  from  the  windlass  in  having  its  axi>(  vertical, 
and  in  being  turned  by  means  of  levers  inserted  in  holes  made  in  the 
head  of  the  axle,  instead  of  by  a  crank.  It  is  much  used  on  ship- 
hoard  for  raising  anchors  and  the  like. 


The  Differential  VTindlass. 


460.  This  differs  from  the 
common  windlass,  in  having  an 
axle  formed  by  two  drums,  A 
and  B,  of  different  diameters. 
A  cord  is  attached  to  the  larger 
cylinder  and  wrapped  several 
times  around  it,  afler  which  it 
passes  under  a  movable  pulley, 
O,  and  is  then  wrapped  in  a 
contrary  direction  around  the 
smaller  cylinder.  The  power  is 
applied  to  the  crank  arm,  and 


Fig.  819. 

the  resistance  to  the  block  of  the  movable  pulley. 


Its  QM  tn  mtehinery  f    (450.)  WJuU  it  a  toindlan  t    J)eterib4  U,    What  it  A 
eranJt  f    Wkta  it  9  eapttan  t    (4eO.)  Dieribe  the  d\ff«i«nV\«\  ^VtvdXuA. 
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When  the  cord  is  wonndnpon  the  larger  oylinder,  it  unwinds  fh>m 
the  smaller  one,  hut  in  a  less  amonnt,  so  that  the  total  effect  is  to  raise 
the  weight,  B.  The  power  of  this  machine  may  he  increased  hj 
making  the  two  drams  nearly  equal  in  diameter. 


The  Screw: 

461.  The  SCRBW  is  essentially  a  combination 
of  inclined  planes.  It  consists  of  a  solid  cylinder, 
enveloped  by  a  spiral  projection  called  the  thread. 
The  two  faces  of  the  thread  are  nothing  more 
than  inclined  planes  wound  about  the  cylinder  of 
the  screw. 

Fig.  MO.  The  screw  works  into  a  solid,  fitted  to  receive 
it,  called  the  nut.  The  nut  may  be  fixed,  the  screw  turning 
within  it,  or  the  screw  may  be  fixed,  the  nut  turning  upon  it« 
Motion  is  imparted  to  the  one  or  the  other,  as  the  case  may 
be,  by  means  of  a  lever,  at  the  extremity  of  which  the  power 
is  applied. 

The  endless  screw  is  a  screw  secured  hy  shoulders,  so  that  it  can 

not  move  in  the  direction  of  its  length, 
and  werking  into  a  toothed  wheeL  When 
the  screw  is  turned,  it  imparts  motion  to 
the  wheel,  which,  in  turn,  may  he  made  to 
move  a  train  of  wheelwork. 

Machines  of  this  kind  are  used  in  regis- 
tering the  number  of  turns  of  an  axle,  as, 
for  example, the  shaft  of  a  steamboats  An 
endless  screw  is  arranged  so  as  to  turn  as 
numy  times  as  the  shafli,  and  is  connected 
with  a  train  of  light  wheelwork.  The 
wheels  bear  indices,  by  means  of  which 
Fig.  821.  the  number  of  turns,  in  any  given  time, 

may  be  read  off.    This  arrangement  is  extensively  used  in  gas  and 
water-meters,  and  also  in  various  branches  of  manufacture. 


Jttitse,    (4111.)  What  is  ft  screw f    Its  threftd?    Ito  nut?    Describe  tX$  mdU»» 
9Crev>,    Ha  ttses. 
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The  Wedge. 

469«    The  wbdgb  is  a  solid,  bounded  by  a  rectangle,  BD, 
called  the  hack;  two  rectangles,  AF  and  ^ 

DF,  called  facea^  and  two  triangles,  ADE 
and  BCF,  called  ends.  The  line,  EF,  in 
which  the  faces  meet,  is  called  the  edge. 
'  The  wedge  is  a  combination  of  two  in- 
elined  planes,  and  is  used  in  splitting  and 
cutting  instruments.  The  power  is  applied 
to  the  back,  and  may  consist  either  of  a  ^~ 
blow  or  of  a  steady  pressure.    The  resist-  Fig.  828. 

ance  is  applied  to  the  faces. 

The  power  of  a  wedge  may  be  increased,  by  increasing  the  kngth 
of  its  &ces,  and  by  diminishing  the  breadth  of  its  back. 


III. — HUBTFITL     BESISTAN0E8. 

Frictioti. 

463.  Friction  is  the  resistance  which  one  body  ex* 
periences  in  moving  upon  another  when  the  two  bodies  are 
pressed  together.  This  resistance  arises  from  inequalities  in 
the  surfaces,  the  projections  of  the  one  sinking  into  the  de- 
pressions of  the  other.  To  overcome  the  resistance  thus 
produced,  a  force  must  be  applied  sufficient  to  break  off  or 
bend  down  the  projecting  points,  or  else  to  lift  the  moving 
body  over  the  inequalities. 

Friction  is  distinguished  as  sliding  and  rolling.  The 
former  arises  when  one  body  is  drawn  upon  another;  the 
latter,  when  one  body  is  rolled  upon  another.  Everything 
else  being  equal,  the  former  is  greater  than  the  latter. 

It  has  been  found  by  experiment  that  the  sliding  friction,  between 
the  same  two  bodies,  is  proportional  to  the  force  with  which  they 


(402.)  What  to  a  wedge?  Of  what  is  It  oompoimded  f  Its  vm?  Bow  may  iU 
power  h*  inereaaed  t  (463.)  What  it  friction  f  How  is  it  caused  ?  Distinction  be- 
tween sliding  and  rolling  frictiun  ?  Which  Is  the  greater  T  Eriplain  the  lawt  nf  Ui^k 
»liiHng  and  rolling frietion. 
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ftre  pressed  together,  and  iadepeodeot  of  the  extent  of  surfEMe  in 
contact. 

It  has  been  foand,  when  a  wheel  or  pivot  rolls  npon  a  surface,  that 
the  rolling  friction  is  proportional  to  the  pressure,  and  hiverselj  pro- 
poHional  to  the  diameter  of  the  wheel  or  pivot. 

In  manj  cases  there  is  a  combination  of  sliding  and  rolling  friction. 
In  the  case  of  a  car  on  a  railroad,  the  fiiction  at  the  axle  is  sliding, 
while  that  at  the  track  is  rolling. 

Sliding  friction  may  be  greatly  diminished  by  interposing  between 
the  rubbing  surfaces  unguents,  such  as  lard,  tallow,  oil,  and  various 
compositions. 

For  slow  motions  and  great  pressures  the  more  consistent  unguents, 
ds  lard,  tallow,  and  the  like,  are  used ;  for  rapid  motions  and  light 
pressures,  oils  are  generally  employed. 

» 

8tifiheaa,of  Cords. 

464.  When  a  cord  is  wound  upon  a  wheel  or  axle,  a 
certain  amount  of  force  is  required  .to  bend  it.  The  re- 
sistance which  the  cord  thus  offers  to  bending  is  classed  as  a 
hurtful  resistance.  This  resistance  should  be  obviated,  as  far 
as  possible,  by  selecting  bands  and  cords,  which  are  as 
flexible  as- is  consistent  with  due  strength. 

Atmosplieric  Resistance. 

465.  The  atmosphere  exerts  a  powerful  resistance  to  the 
Tnotion  of  bodies  moving  through  it.  It  has  been  found, 
both  by  theory  and  experiment,  that  this  resistance  is  pro- 
portional to  the  greatest  cross  section  of  the  body,  made  by 
a  plane  perpendicular  to  the  direction  of.  the  motion,  and 
also  to  the  square  of  the  body*s  velocity.  To  obviate  this 
resistance,  as  far  as  possible,  the  pieces  which  have  a  rapid 
motion  should  have  as  small  a  cross  section  as  is  consist^it 
with  due  strength. 


JBsKplain  ihe  two  kinds  of  friction  in  a  ear.  Bow  is  /fiction  diminished  t  Wkon 
uxmld  you  employ  conHttent  and  tohonjiuid  vngrtmitsf  (464.)  How  does  the  edfl^ 
aeas  of  cords  produce  resis^noef  How  letiened?  (465.)  Sscplaln  the  sofa|ector 
atmospheric  resistance.    How  lessened  ? 
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Hie  principle  of  atmospherio  resistance  has  been  employed  to 
regulate  the  velocity  of  certain  machines.  To  effect  this  object,  a 
wheel  is  arranged  bearing  vanes,  which,  striking  against  the  air 
generate  a  resistance  tliat  prevents  the  velocity  f^om  passing  a  certain 
Umit.  It  is  this  principle  which  renders  the  parachute  a  safe  means 
of  descending  fi'om  a  balloon. 


IT. — WHEELWOBK. 

Trains  of  TTTheels. 

466.  The  power  furnished  by  the  motor  of  a  complex 
machine,  is  usually  transmitted  through  a  succession  of 
pieces,  to  the  working  point.  These  connecting  pieces 
are,  in  general,  wheels  and  axles,  and  taken  together 
they  form  what  is  called  a  train,  A  wheel  which  imparts 
motion  to  a  succeeding  one,  is  called  the  driver/  that  to 
which  motion  is  imparted,  is  called  the  follower. 

Mode  of  Connection. 

467.  There  are  various  methods  by  means  of  which  one 
wheel  may  be  made  to  act  upon  another. 

Mrst.  By  simple  contact.  The  driver, 
A,  being  slightly  pressed  against  the  fol- 
lower, B,  the  friction  between  the  wheels 
is  sufficient  to  impart  a  motion  of  rotation  ^    ^^ 

from  the  former  to  the  latter. 

To  increase  the  friction  and  avoid  sliding,  the  surfaces  are  fi-e- 
qnently  covered  with  soft  leather.  In  all  cases  the  motion  of  the 
follower  is  in  a  contrary  sense  to  that  of  the  driver,  as  indicated  by 
the  arrows. 

Secondly,  By  means  of  bands  or  belts.  The  band  is 
passed  around  the  circumferences  of  both  wheels,  and  when 

What  ««9  ha$  been  made  oftUmotpheHo  re»Utane«  as  a  reff viator  f  (44HI.)  Wbal 
ttatralti?  Adrirer?  iLfbllofwer?  (407.)  Explain  th«  mode  of  eoimeetkm  by  iIiiik 
pie  eoDtaot.    How  U  tUding  Ofvoidedf 
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tightened,  a  sufficient  amount  of  friction  is  produced  to  im- 
part motion  from  the  driver  to  the  follower. 

Wheo  the  band  does  not  cross  between  the  wheels,  thej  both  re- 
volve in  the  same  direction,  as  indicated  in  Fig.  824.  When  the 
band  crosses  between  the  wheels,  they  revolve  in  opposite  directions. 


Fig.  884 


Fig.  8IBL 


as  indicated  in  Fig.  325.  Belts  are  made  of  leather,  gutta  percli% 
and  the  like.  They  are  flat  and  thin,  and  the  drams  on  which  they 
ran  shoald  be  sliglitly  elevated  toward  the  middle  of  their  thickness. 
Cords  are  made  of  catgat,  hempen  fibres,  or  wire,  nearly  cylindrical. 
The  drams,  or  palleys,  on  which  they  ran  shoald  be  elevated  at  the 
edges.  Chains  are  also  used,  and  in  this  case  the  drams  shoald  be 
grooved,  and  either  notched  or  toothed^  so  as  to  fit  the  links  of  the 
ohiun. 

Thirdly,  By  means  of  projections  on  the  circumferences  of 
the  wheels  called  teeth. 

A  small  wheel,  C,  moanted  on  the  axle  of  a  large  one,  B,  is  called 

a  pinion^  and  its  projections  are  called 
leatei.  In  the  figare  the  teeth  of  the 
wheel  A  engage  with  the  leaves  of  the 
pinion  C,  and  the  teeth  of  the  wheel  B 
}%  ^^^^'^  ^ith  the  leaves  of  the  pinion  D. 
If  the  wheel  A  is  tamed  in  the  direction 
indicated  by  the  arrow,  the  wheel  B  will 
revolve  in  a  contrary  direction,  and  the 
wheel*F  in  the  same  direction.  A  wheel 
whose  teeth  project  from  its  circnmfer* 
ence,  as  shown  in  Fig.  826,  b  called  a 
vpur-whtel. 


.\ 
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Explain  the  mode  of  oonnectlon  by  Iwnds  and  belta.  EupUiin  ih*  fw0  mmAoA  tf 
arroMffinffthebanda,  The  kind  t^whetlreguirsdJin'ltUt,  Fureordt*  fbrchaku, 
Jbpla^  the  mode  t^  eonneetion  I^  U«ih»  WhaiUapUUonf  Leaveet  HiuetraU^ 
Whai  U  a  epur'Vfheeif 
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In  the  oombinal^on  shown  in  Fig.  826,  the  axes  of  the  wheels  are 
soppoeed  to  be  parallel.  When  the  axes  are  not  parallel  to  each 
other,  motion  of  rotation  may  be  communicated  by  means  of  beveled 
wheela,  as  shown  in  Fig.  13.  If  the  axes  are  perpendicular  to  each 
other,  beveled  wheels  may  be  used,  as  in  Fig.  13,  or  the  driver  may 
have  its  teeth  set  perpendicular  to  its  face  and  working  into  a 
pinion.    &VLch  a  wheel  is  called  a  eroton-wheel. 

.  "When  the  number  of  teeth  of  the  driver  is  greater  than  that  of  the 
follower,  the  angular  velocity  of  the  latter  will  be  greater  than  that 
of  the  former.  By  a  suitable  adjustment  of  the  number  of  teeth  on 
the  different  wheels,  the  angular  velocity  may  be  multiplied  at 
{deaaure. 

T. — BEGULATOBS. 


The  Govemor. 

468.  The  governor  is  a  contrivance  for  regulating  the 
supply  of  motive  force.  One  form  of  this  contrivance  is 
shown  in  Fig.  327. 

AB  is  a  vertical  axis,  connected  with  the  machine  near  its  work- 
ing point,  and  revolving  with  a  velocity  pro- 
portional to  that  of  the  working  point ;  FE 
and  GD  are  arms  turning  with  the  axis,  and 
bearing  heavy  balls,  D  and  E,  at  their  ex- 
tremities; the  arms  are  attached,  by  hinge 
joints,  at  G  and  F  to  two  bars,  OG  and  CF, 
and  these  bars  are  connected  by  hinge  joints 
with  the  axis  at  0.  .  The  arms  FE  and  GD 
are  also  connected  by  hinge  joints,  with  a 
ring,  H,  which  is  free  to  slide  up  and  down 
the  axis,  AB. 

When  the  axis  revolves,  the  centrifugal  force  developed  in  the  balls 
causes  them  to  recede  from  AB,  and  depresses  tjie  ring,  H.  This 
causes  the  lever,  BK,  to  turn  about  its  fulcrum,  K,  and  when  the 
velocity  has  become  sufficiently  great,  the  lever  operates  to  close  a 


Fig.  827. 


AhMiUdvkear  Aerowtkvhttlt  Whsn  U  ths  anffu^ar  m&Uon i^ ^s JbUcwtr 
gr^i&r  Ihan  that  qf  the  dricert  (468.)  Wliat  is  a  governor  ?  DetoHbt  that  thowm 
in  thejliftiret  €md  toBplain  itt  aeHon, . 
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rtlrej  and  shot  off  the  motive  power.  Wli<$ii  the  vtiwaij  ag^ 
dhninishea,  the  balls  approach  the  axis,  the  ring,  H,  risee^  and  the 
Talve  is  opened.  The  governor  may  be  acynsted  so  as  to  secare  any 
desirable  velocitj  at  the  working  point 


The  Fly-WheeL 

409*    The   FLT-WHXSL  is   a  contiiyance  lor    obviating 
irreg^olaritiea  of  motion  in  a  machine. 

It  osoallj  consists  of  a  heavy  rim  of  iron  connected  with  the  axle 

by  radial  arms,  as  shown  in  the  figure.    It 

is  monnted  on  an  axle  near  the  working  point 

of  the  machine,  and  when  the  motive  power 

exceeds  the  amount  required  to  do  the  work, 

the  excess  goes  to  overcome  the  inertia  of 

the  fly-wheel,  with  but  a  slight  increase  of 

its  angular  velocity.     On  the  other  hand, 

when  the  motive  power  is  less  than  that  ra* 

quired  to  do  the  work,  the  fly-wheel  acts  by 

Fig.  SIS.  .^  inertia,  giving  out  the  force  stored  np  in 

it,  with  but  a  slight  decrease  of  angular  velocity,  and  thus  supplies 

the  deficiency.    By  a  proper  adaptation  any  desired  uniformity  of 

motion  may  be  attained. 


TI.  —  PBIMX     HOTXBB. 

Definition  of  a  Prime  Mover. 


470.  A  PBiMB  MOYEB  is  a  piece,  or  combination  of  pieces, 
to  which  the  force  of  the  motor  is  immediately  applied,  and 
from  which  that  force  is  transmitted  through  the  connecting 
pieces  to  the  working  point.  The  most  important  prime 
movers  are  wcUer-^/ieels  and  stearrirenginea. 


<4e«i)  Wbmtlaallr-wlra«lT   DwoHb^  U  and  U$  acU<m.    (4V0.)  WiwtltapcliM 
Mor«r  T    WliBt  tre  the  motl  Impwtaiit  onef  f 
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Wktar-'Whmlft 


4T1.  AwATEK-wnKBLisav^heelpntiiiinodonbytliasctitm 

of  water.     Water-wheels  are  divided  iato  two  classea — verti- 
cal and  horizontal  wheels.    There  are  three  principal  varieties 

of  vertical  wheels — overshot,  undarthot,  and  breast  vheele. 

The  most  important  of  the  horizontal  wheels  is  the  turbine. 
The  oterAot  teheel  conuets  of  a  cylindrical  j 

drum,  A,  terminated  at  its  ends  b;  projecting 

idnga,  B,  called  eroient.    The  space  between 

the  crowns  b  divided  into  (»Ils,  by  carved 

or  aogiiUr  partitions;  these  cells  are  called 

iucketi,  and  they  are  constnioted  so 

retain  the  water  as  long  as  possible. 

water  is  delivered  by  a  slnice,  C,  near  the  top 

of  the  wheel,  and  acting  by  its  weight,  it 

fanpgrts  a  rotary  motion  to  the  wbe«l. 

The  vnderiAot  wh^l  resemblea  the  OTershot  wheel  in  its  general 
constrnction,  bat  differs  irom  it  in 
the  form  of  the  partitions  between 
the  eells,  which  may  be  plane  or 
cnrved.  These  partitions  are  call- 
ed Jhatt.  In  this  wheel  the 
wat«r  is  delivered  at  the  bottom, 
and  striking  agunst  the  floats 
with  a  velocity  dae  to  the  height 
Fic.na  of  the  water  in  the  reservoir,  A, 

rotary  motion  is  produced.    In  this  wheel,  the  water  acts  solely  by 

its  impolse. 

The  hrtagt  leheel  differs  from  the 

overshot  wheel  in  having  the  water 

delivered  into  the  buckets  atalower 

level,  and  in  being  provided  with-a 

easing,  or  trough.  A,  called  a  irsiMf, 

nearly  fitting  the  periphery  of  the 

wheel  which  revolves  within  it.  Id 

this  wheel  the  water  acts  both  by 

ita  weight  and  its  impnlse.  ric  m. 


(171.)  Wbat  to  >  vmtsT-whael  1 
>VtledirkMli(   BtttH/14  eu  rvtn 
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A  d«acriptioD  of  twbinm,  which  are  m 
wheels,  doe»  not  fall  within  the  scope  of  tl 


re  complex  than  t 
]  jceaeat  work. 


The  Bteam-Engljio, 

4TS>  -A  BTSAif-ENaiNB  is  a  combinstion  of  pieces  Ibr 
Qtilmng  tbe  expanEiTe  force  of  at«am  and  convorting  it  into 
a  motiTe  power. 

Id  fli«  foUowing  pages  oviy  a  &w  of  the  most  promiaent 
pointa  are  explained.  A  complete  discnsaion  woald  require  mora 
space  than  oan  be  given  within  the  Iimii,s  assigned  to  thia  treatise. 
For  farther  details  the  pupil  must  consalt  those  works  in  which  the 
■nt^eot  of  steam  ia  treated  as  a  specialty. 


4TS. 


Let  AB  represent  a  glass  tube  of  uniform  bore,  and^^  a 
piston,  fitting  it  steam-tight,  and  sappose  a  little  wa- 
ter to  be  in  the  tabe  below  the  piston.  If  heat  be 
applied  to  the  bottom  of  the  tnbe,  bj  means  of  a 
spirit-lamp,  the  water  will  be  converted  into  steam, 
and  the  piston  will  be  driven  to  the  top  of  the  tube. 
If  the  lamp  be  removed,  and  the  tnbe  allowed  to  cool, 
the  steam  will  be  condensed,  and  the  pressure  of  the 
atroospbere  will  drive  the  piston  back  to  its  ori^nal 
position.  B7  ag^n  applying  heat  and  withdrawing 
it,  the  operation  ma?  be  repeated,  and  so  on  indef- 
initely. This  simple  experiment  involves  the  funda- 
mental idea  of  the  steam-engine. 

Under  the  ordinary  pressure  of  the  atmosphere,  a 
cnbio  inch  of  water  ^vea  1,700  cnhic  inches,  or 
nearlf  a  cnbio  foot,  of  at^am.  In  this  case  the  expansive  fierce  of 
the  steam  is  in  equilibrium  with  the  pressure  of  the  atmosphere,  and  it 
is  sud  to  have  a  teTuwn  of  16  lbs.  to  the  square  inch.  If  a  cubic  inch 
of  water  be  converted  into  steam,  noder  a  pressure  of  two  atmna- 
pheres,  it  will  jdeld  but  8S0  cnbic  inches  of  steam,  bat  the  feiuM* 
will  now  be  80  lbs.  to  the  inch. 

(«>9.)  Whitliaatwuil-tivlnst  (*73.)  DeKrituBui  iaptrlm«imUuttral*ngai 
tdta  1^  Iha  ittani-tn^lna.  Bote  many  aOrlt  tnchit  of  tttam  dott  a  imbie  buA  ^ 
^'xt*rgtnt«ta»raprHnutofVilbt.laa,bHAt    Bea  tMrnvwuftr  a  prtttan 

<trt'iin.iositittc\r 
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hk  general,  the  yohime  of  steam  yielded  bj  a  gi^en  volume  of  water 
varies  inversely  as  the'pressare  under  which  it  is  generated,  and  in 
all  cases  the  temion  of  the  steam  is  equal  to  this  pressure.  Hence, 
the  quantity  of  work  arising  from  the  conversion  of  a  given  bulk  cf 
water  into  steam  is  always  the  same,  no  matter  what  may  be  the 
pressure  under  which  it  is  generated.  In  round  numbers,  we  may 
say,  that  the  conversion  of  a  cubic  inch  of  water  into  steam  pro- 
duces a  quantity  of  work  sufficient  to  raise  a  weight  of  one  ton 
through  a  height  of  one  foot. 

It  is  found  that  the  quantity  of  heat  necessary  to  convert  a  cubic 
inch  of  water  at  32^  F.  into  steam  is  constantly  the  same,  no  mat- 
ter what  may  be  the  pressure.  Hence,  so  far  as  fuel  and  work  are 
concerned,  it  is  of  no  consequence  what  the  pressure  may  be. 

It  was  to  utilize  the  immense  expansive  force  of  steam  that  the 
steam-engine  was  devised. 

Varieties  of  Steam-Bngine. 

474.  Steam-engines  may  be  either  condensing  or  non- 
condensing.  In  the  former^  the  steam,  after  having  acted 
upon  the  piston,  is  condensed,  and  the  warm  water  returned 
to  the  boiler;  in  the  latter^  the  steam  is  not  condensed, 
but  after  having  acted  upon  the  piston,  is  blown  off  into  the 
fdr.  In  condensing  engines,  steam  may  be,  and  generally  is, 
used  of  a  lower  tension  than  15  lbs.  to  the  inch,  in  which 
case  the  engines  are  called  low-pressure  engines.  In  non- 
condensing  engines,  steam  is  always  used  of  a  tension  greater 
than  15  lbs.  to  the  inch,  and  the  engines  are  then  called  high- 
pressure  engines. 

Condensing  engines  are  more  economical  of  fuel,  but  they  are 
heavier  and  more  complex  in  their  construction.  Hence  they  are 
generally  used  as  stationary  engines.  Non-condensing  engines  are 
used  for  locomotives,  and  where  fuel  is  cheap  they  are  often  employed 
as  stationary  engines. 

The  efficiency  of  a  steam-engine  is  measured  in  terms  of  a  unit 


.  /Tom  much  work  does  the  wnporaUon  of  1  <yi^)ic  inch  of  water  produce  t  What  U 
the  rule  for  the  /teat  required  under  different  preeeureef  (474:.)  What  It  a  con- 
densing engine  f  A  non-condensing  engine  ?  Hlgh-pressnre  engine  ?  IfOW-prewnre 
•ngine?    Adeawtageeofeachf    What  U  a  7u>r$e -power  f 
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OidM  a  h<»m-p0W0r,  that  is,  a  ibroe  which  is  capable  of  numng  a 
weight  of  88,000  lbs.  through  a  height  of  one  foot  in  one  minate. 
Thiu  an  engine  that  can  perform  a  work  equivalent  to  raising  83,000 
lbs.  throogh  10  Ibet  in  one  minate,  is  said  to  be  an  engine  of  10 
korse-power. 

Bofleni  and  their  Appendages. 

475.    The  boileb  is  a  shell  of  metal,  g^ierally  of  wrought 
ihm,  but  sometimes  of  copper,  in  which  steam  is  generated. 

Boilers  are  made  of  yarions  shapes.  One  of  the  simplest,  has  the 
form  of  a  cylinder,  with  rounded  ends ;  it  is  set  in  a  furnace,  as  shown 
in  Fig.  85.  Sometimes  two  smaller  cylinders,  also  with  rounded 
ends,  called  heatern^  are  placed  below  the  main  shell  and  connected 
with  it  by  suitable  pipes.  The  object  of  ibis  arrangement  is  to  in- 
crease the  heating  surface.  In  the  Cornish  boiler  the  cylindrical  shell 
has  a  large  flue  passing  through  it,  containing  an  internal  furnace. 
Sometimes  two  such  flues  exist.  The  tubular  boiler  has  a  great 
number  of  tubes,  or  flues,  passing  through  it,  for  transmitting  the 
flame  and  heated  gases  from  the  fbmace. 

The  principal  appendages  of  the  boiler  are  the  j^moctf,  arjir^lace^ 
with  its  flues  and  dampers  for  regulating  the  draft ;  th^feed  apparatm^ 
by  which  water  is  introduced  to  supply  the  place  of  that  converted 
into  steam ;  the  sqfety  wihe,  to  guard  against  danger  of  explosion 
(liee  Art.  229)  ;  the  manometer^  for  measuring  the  tension  of  the 
flteam  in  the  boiler  (see  Arts.  123  and  124) ;  the  steam-guage,  to  in- 
dicate the  height  of  the  water  in  the  boiler ;  the  liUm-off  ajpparatutj 
usually  a  cock  near  the  bottom  of  the  boiler,  which,  when  opened, 
permits  the  pressure  of  the  steam  in  the  boiler  to  force  out  the  sedi* 
ment  and  impurities  that  collect  there ;  and  the  ateam-pipe^  to  con« 
yey  the  steam  from  the  boiler  to  the  engine  proper. 

The  boiler  and  its  appendages  are  variously  arranged  in  different 
engines,  the  object  in  all  cases  being  to  obtain  the  greatest  amount 
of  steam  with  a  given  quantity  of  iuel.  In  stationary  engines^  the 
furnace  is  usually  made  of  brick  or  some  other  bad  conductor  of 
heat,  and  the  flues  are  so  arranged  as  to  bring  the  flame  and  heated 
gases  in  contact  with  as  large  a  portion  of  the  boiler  as  possible.   To 

. .  (479.)  What  It  ft  boiler?  Describe  earns  qf  the  Jbrma  qf  boilers.  What  are  the 
iprineipal  ^pendages  qf  boilers^  and  what  are  their  uses  t  What  arranffsmsnk 
ure  made  for  economvdng  fyeat  in  stationary  engines  t 


^Bitef¥6nt  waste  of  heat,  the  exposed  surface  of  the  boiler  is  covered 

"^rith  a  jacket  of  coarse  felt.    In  locomotive  engines,  the  fire-box  is 

^mide  of  boiler-iron,  and  is  so  constructed,  that  it  is  nearly  snrronnd- 

^  bj  the  water  in  the  boiler.     An  additional  heating  surface  is 

also  obtained  by  means  of  fines,  running  through  the  boiler,  for  con^ 

yeying  the  fiames  and  heated  gases. 

To  guard  against  explosion  from  too  great  a  pressure  of  steam 
within  the  boiler,  the  safety  valve  is  employed.  In  addition  to  this, 
a  fusible  safety  ping  is  sometimes  used.  This  consists  of  a  plug  of 
metal,  inserted  in  the  boiler,  which  is  capable  of  being  fused  at  that 
temperature  beyond  which  there  is  danger  of  explosion.  If  the  tem- 
perature k  ridsed  above  this  limit,  the  plug  melts  and  falls  out,  per- 
zaittLog  the  water  and  steam  to  escape  through  the  hole  which  it  leaves. 


Mechanism  of  the  Condemdng  Enginai 

476*  The  essential  parts  of  a  condensing  engine  are  shown  in 
Hg.  888.  The  figure  is  only  intended  to  illustrate  the  principles  of  the 
engine,  and,  for  the  purpose  of  illustration,  the  parts  are  arranged  in 
such  a  manner  as  best  to  exhibit  them  at  a  single  view. 

The  principal  parts  of  the  condensing  engine  are  the  ibllowing  : 

The  cylinder^  shown  on  the  left,  with  a  portion  broken  away. 

The  piston^  P,  which  receives  the  action  of  the  steam,  alternately 
on  its  upper  and  lower  faces,  and  is  thereby  moved  up  and  down  in 
the  cylinder. 

The  $teamrehe9t^  5,  into  which  the  steam  from  the  boiler  enters 
through  the  steamrpipe  at  <?,  and  from  which  it  passes  through  the 
8teampaMage$y  alternately  to  the  upper  and  lower  ends  of  the 
cylinder. 

The  $liding  vahe^  moved  up  and  down  by  the  rod,  m,  which 
alternately  opens  a  communication  between  the  steam-chest  and  the 
two  steam  passages  leading  to  the  top  and  bottom  of  the  cylinder. 

The  eduction  pipe,  U,  connecting  with  the  cylinder  at  a,  by  which 
the  steam,  after  having  acted  upon  the  piston,  is  conducted  into  the 
eondenaer,  O. 

The  pistonrTod,  A,  working  through  &  paeJcing-box,  d,  which  trans- 
mits the  motion  of  the  piston  to  the  worJcing-beomi^  L. 

The  parallel  lar8,  DD,  and  the  radial  ban^  G,E,  which  keep  the 
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tdifa»-rod  from  pTMring  ag^tut  the  dde  of  the  psoking-boz.    TUt 
arraDgement  ii  celled  Watt'i  paralUl  motion. 

The  emtn^tinff  rod,  I,  which  transmits  the  motion  of  the  working- 
betm  to  the  erajtt  arm,  K,  and  through  it  imparts  a  motioii  tit 
roUtfoo  to  the  ihaft  of  the  engine. 


The  Jty-ieheeil,  V,  which  obvlatea  to  ■  cert^  extent  the 
irregalaritiee  of  motion  in  the  engioe. 

The  ttetntrie,  «,  which,  acting  like  a  crank,  prodaoea  a  backward 
and  forward  motion  in  the  coaneeting  rod,  Z.    Thia  rod  acting  on 

MmtOi  a*  fiHiu^NiI  jwD  ^a  «M((M«liif  «iiriiM  owl  IMP  MM 
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the  bent  leveTj  Y,  causes  the  rod  m,  of  the  sUdiug  yalve,  to  move  up 
and  down. 

The  cold-water  pump^  R,  worked  by  the  rod,  H,  which  draws  cold 
water  from  a  reservoir,  and  forces  it  through  the  pipe,  T,  into  the 
condenser.  This  pipe,  terminating  within  the  condenser  in  a  rose^ 
delivers  the  water  in  the  form  of  a  shower,  and  condenses  the 
steam. 

The  mr-pump^  H,  worked  bj  the  rod,  F,  which  draws  the  hot 
water  and  the  air  that  is  mixed  with  it  from  the  condenser,  and  forces 
it  into  the  hot  well,  K. 

The  feed-pump^  Q,  worked  by  the  rod,  G,  which  draws  the  water 
from  the  hot  well  and  forces  it  into  the  boiler. 

To  explain  the  action  of  the  engine,  let  the  position  of  the  parts 
be  as  represented  in  the  figure.  The  steam  entering  the  steam- 
chest  finds  the  upper  passage  open,  and  flowing  through  it,  acts  upon 
the  upper  face  of  (he  piston  and  drives  it  to  the  bottom  of  the  cylin- 
der. The  steam  below  the  piston  meanwhile  flows  through  the  lower 
passage,  and  entering  the  eduction  pipe  at  a,  is  conveyed  to  the  con- 
denser, where  it  is  condensed.  When  the  piston  reaches  the  bottom 
of  the  cylinder,  the  excentric  acts  upon  the  bent  lever  to  open  the 
lower  and  close  the  upper  passage.  The  steam  from  the  steam-chest 
now  flows  through  the  lower  passage,  and  acting  upon  the  lower 
£eu^  of  the  piston,  forces  it  to  the  top  of  the  cylinder.  Meantime  the 
steam  above  the  piston,  flowing  down  the  upper  passage,  enters  the 
eduction  pipe  and  is  conveyed  to  the  condenser.  When  the  piston 
reaches  the  top  of  the  cylinder,  the  excentric  again  acts  to  change 
the  position  of  the  sliding  valve,  and  thus  the  motion  of  the  piston 
ia  continued  indefinitely. 


The  IjO0omotiv& 

477.  The  figure  represents  a  section  of  a  locomotive,  the 
principal  parts  of  which  are  the  following : 

The  hoiler^  BB,  with  xt&fluea^  pp,  and  sc^ety-ealve,  M.  The  dotted 
line  represents  the  height  of  the  water  in  the  boiler. 

The  Jlre-hox,  A,  communicating  with  the  unohe-hax^  0,  by  means 
of  the  fiues,  pp.    The  fire-box  has  a  double  wall,  the  interval  being 


Wxplain  ths  action  qf  a  oond^nsing  enffin^.    (477.)  Saeplain  the  prinHpal  parti 
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fined  with  water  and  oommnnicating  with  the  boiler.  E  is  th# 
fftate,  and  D  the  door  for  the  snpply  of  fuel. 

The  8te(iin-pipey  SS,  conveys  the  steam  from  the  iteam-dome  to 
the  9te<Mn-ehest.  It  may  be  closed  by  a  yalve,  Y,  worked  by  a 
lever,  L. 

The  steam-dome  is  an  elevated  portion  of  the  boiler,  the  object  of 
which  is  to  permit  the  steam  to  enter  the  steam-pipe  without  any 
admixture  of  water,  as  might  be  the  case  were  the  steam  taken  from 
a  lower  level. 

The  cylinder^  the  piston,  P,  and  the  piston-rod,  R,  are  similar  to 
the  corresponding  parts  of  the  condensing  engine. 

The  tlast  pipe,  L,  through  which  the  steam  is  blown  off  after 
having  acted  upon  the  piston,  terminates  in  the  smolce-box,  and  the 
blast  of  steam  from  it  serves  to  increase  the  draft  of  air  through  the 
flues,  and  thus  promotes  the  combustion  of  fuel. 

The  connecting  rod,  G,  transmits  the  motion  of  the  piston  to  the 
eranlc  a/rm,  by  means  of  which  a  rotary  motion  is  imparted  to  the 
driving  wheels  of  the  locomotive. 

The  manner  in  which  steam  acts  to  impart  motion  to  the  piston  is 
the  same  as  in  the  engine  already  described. 


The  Hydraulic  Ram. 

478.  The  htdbaulio  ram  is  a  machine  for  raising  water  by  means 
of  shocks,  caused  by  sudden  stoppages  of  a  stream  of  water.  It  consists 
of  a  reservoir,  B,  with  a  supply  pipe.  A,  and  an  orifice,  D,  which 
may  be  closed  by  a  spherical  valve.  Attached  to  the  reservoir  is  an 
air-vessel,  G,  with  a  valve,  E,  and  a 
delivery  pipe,  H. 

The  stream  of  water  entering  the 
reservoir  through  the  supply  pipe, 
forces  the  valve  D  into  its  place,  and 
closes  the  orifice.  The  sudden  Stop- 
page of  the  water  causes  a  shock  which 
forces  a  portion  of  water  into  the  air- 
vessel  through  the  opening,  E.  The 
equilibrium  being  restored,  the  valve  D  ^**  *^* 

falls,  as  does  the  valve  E,  and  immediately  a  second  shook  ensues, 


Ea^plain  t\e  action  of  a  loeoinoHv4  sngtne,    (^T8.)  What  U  tK»  kifdrauUe  ram  9 
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and  a  second  mipplj  of  water  is  forced  into  the  air-yessel,  and  so  on 
indefiDitely.  The  water  forced  into  the  air-vessel  compresses  the 
air  in  the  upper  portion  of  it,  until  its  elastip  force  becomes  sufficient 
to  force  a  jet  of  water  up  the  deliyery  pipe.  The  delivery  onoe 
commenced  will  continue  as  long  as  the  machine  remains  in  order, 
Onlj  a  small  portion  of  the  water  which  enters  the  reservoir  is  raised 
into  the  delivery  pipa» 
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